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emini 7, along-duration flight,
was scheduled (at this writing)
to be launchedno earlier than Dec. 4.

Gemini 6, which is to rendezvous
with Gemini 7, is to be launched nine
days later, Dec, 13,

Success in the two flights will re-
present:

1. The longestU.S, manned flight
to date (Gemini 5 Astronauts I . Gor-
don Cooper and Charles Conrad were
in flight 190 hours and 56 minutes,
nearly eight days).

2. The first space rendezvous of
two manned maneuverable Sspace-
craft,

3. A minimum turn-around time
for launch of two missions from the
same pad,

Despite the rendezvous objective
of Gemini 6, the two missions areto
be carried out independently. That

GEMINI 7/6

is, Gemini 7 is to be launched and
carried out as originally planned, No
major changes were made in the
Gemini 7 flight plan,

The Gemini 6 mission is to be
carried out according toa flight plan
which is nearly identical to the one
prepared for the Oct, 25 launch which
was postponed when the Agena Tar-
get Vehicle failed to achieve orbit,
The only major change is that the
Gemini 6 spacecraft was to have
docked with the Agena,

In this flight, the two Gemini
spacecraft will not be physically
connected,

It was decided that the planned
schedule of Gemini 7 and the avail-
ability of the Gemini 6 launch vehicle
and spacecraft (already checked out
on Pad 19) presented an opportunity
to carry out a rendezvous of two

manned vehicles,

The first several days of the
Gemini 7 mission are to be devoted
to carrying out experiments, At a-
bout five days the crew maneuvers
the spacecraft into a target orbit for
Gemini 6. During the rendezvous at-
tempt by Gemini 6, the Gemini 7 crew
maintains their orbit and spacecraft
attitude, performing only those ma-
neuvers  required to make them-
selves a better target.

Following a successful liftoff,
Gemini 6 immediately will begin ma-
neuvers  to achieve rendezvous
which is planned for its fourth orbit,
Following rendezvous, Gemini 6 will
station keep (fly formation)on Gem-
ini 7 for about two revolutions,
Subsequently, Gemini 7 wil] fly for-
mation on Gemini 6 for one space-
craft day, about 40 minutes,




Gemini 0 is planned for reentry
in the Earth’s atmosphere and land-
inz in the West Atlantic Ocean after
about 46 hours and 45 minutes, at
approximately 8:20 a.m. EST,

Gemini 7 duration is planned for
about 329 hours and 30 minutes,
landing in the same area at approx-
imately 8 a.m, EST, twodays later,

NOMINAL MISSION PLAN
Gemini 7

Gemini-7 is scheduled to be
launched from Complex 19, Cape
Kennedy at about 2:30 p.m. EST,
December 4, Planned launch is an
elliptical orbit with an apogee of 210
miles anda perigee of 100 miles, The
orbit will be inclined 28.87 degrees to
the equator.

The spacecraft is to separate
from the booster 30 seconds after
sustainer engine cutoff.

Immediately following space-
craft separation, the spacecraft will
turn around to blunt end forward,
and begin station keeping on the
booster second stage. Station keep-
ing will continue for about 25 minutes
ground elapsedtime (GET)from lift-
off. This time extends into about five
minutes before the first darkness
period.

At three hours, 50 minutes after
lift-off as the spacecraft is at its
third apogee, thrusters will be fired
in a posigrade maneuver to raise the
perigee to 124 miles, This maneuver
establishes a spacecraft orbital life-
time of 15 days.,

The next several days of the flight
will be devoted to conducting assign-
ed experiments,

At about five days in flight the
crew will circularize the spacecraft
orbit to provide the proper target
orbit for Gemini 6. The exact ma-
neuvers required will depend on the
decay rate of the Gemini 7 orbit
and the expected liftoff time of Gem-
ini 6, now planned for eight days,
19 hours and four minutes following
Gemini 7 liftoff,

Under present plans, circulari-
zation maneuvers will be performed
120 hours after lift-off of the Ge-
mini 7 spacecraft. The crew will
give the spacecraft a posigrade
thrust atapogee. This will resultin a
change of velocity of 100 feet per sec-
ond and circularizationat 185 miles,

The rendezvous portion of the
Gemini 6 and Gemini 7 spacecraft
is described inthe Gemini 6 Nominal

Mission Plan,

The remaining Gemini 7 experi-
ments will be conducted following
completion of rendezvous activities,
The Gemini 7 crew will initiate ret-
rofire near the end of the 206th
revolution, I anding will be in the
West Atlantic recovery area at the
beginning of the 207th revolution,

GEMINI 7 EXPERIMENTS

Twenty experiments are sched-
uled for Gemini 7. Fourteen are
continuing experiments and have
been carried aboard previous Gem-
ini flights. In repeating these over
a number of manned space flight
missions, experimenters hope to
gain data covering a number of sub-
jects under varying flight condi-
tions.

Results of the experiments
carried aboard Gemini missions 3
and 4 were presented ata symposium
in Washington early this fall, Similar
symposia will be held periodically
during the manned space flight pro-
gram,

Experiments Flown on Earlier Missions
1. Cardiovascular Conditioning (5y+

This experiment will determine
the effectiveness of cyclic inflations
of pneumatic cuffs on the thighs as
a preventive measure of cardiovas-
cular deconditioning (heart and blood
distribution system) induced by pro-
longed weightlessness. The cuffs are
built into the spacesuit around the
thighs and inflated periodically to
80mm of mercury pressure, in-
creasing blood pressure below the
cuffs, The automatic pressurization
cycle lasts two minutes out of every
six and uses oxygen from the en-
vironmental control system.

2. In-Flight Exerciser (4 and 5)

The objective of this experiment
is to assess the astronauts’ capacity
to perform physical work and their
capability for sustained perform-
ance. The rapidity with which the
heart rate returns to normal after
cessation of exercise is an indica-
tion of an individual’s physical fit-
ness. A workload will be provided
by specific periods of exercise at
the rate of one pull per second for
30 seconds on an exercise device
that requires a known amount of
effort.

The exercise device consists of
a pair of bungee cords attached to

* indicates previous Gemini mission

a nylon ‘*handle at one end and a
nylon foot stiap at the other end.

The in-flight data obtained will
be compared with the control data
to determine the capacity for work
in space.

3. In-Flight Phonocardiogram (4 and 5)

In this experiment the fatigue
state of an astronaut’s heart muscle
will be determined by measuring the
time interval between the activation
of a muscle and the onset of its con-
traction.

A microphone will be applied to
an astronaut’s chest wall atthe car-
diac apex. Heart sounds detected
during the flight will be recorded on
an onboard biomedical recorder.
The sound trace will be comparedto
the waveformobtained froma simul-
taneous inflight electrocardiogram
to determine the time interval be-
tween electrical activation of the
heart muscle and the onset of ven-
tricular systole,

4. Bone Demineralization (4 and 5)

The purpose of this experiment is
to establish the occurrenceand de-
gree of bone demineralization in-
fluenced by the relative immobiliza-
tion associated with the cockpit of
the Gemini spacecraft and weight-
lessness.

Special x-rays will be taken of
an astronaut’s heel bone and the
terminal bone of the fifth digit of
the right hand. Three pre-flight and
three post-flight exposures will be
taken of these two bones and com-
pared to determine if any bone de-
mineralization has occurred due to
the space flight,

The equipment to be used in
this experiment will be closely cal-
ibrated clinical x-ray machines,
standard 11-inch by l4-inch x-ray
films and calibrated wedge densi-
tometers.

5. Human Otolith Function (5)

A visual tester will be used to
determine the astronauts orientation
capability during flight. The experi-
ment will measure changes inotolith
(gravity gradient sensors in the
inner ear) functions,

The tester is a pair of special
light proof goggles, one eye piece
of which contains a light source in
the form of a movable white line.
The astronaut positions the white
line with a calibrated knurled screw
to what he judges to be the right
pitch axis of the spacecraft, The
second astronaut then reads and re-




cords the numbers.
6. Proton-Electron Spectrometer (4)

In order to determine the degree
of hazard, if any, to which the crew
will be subjected on space flight, it
is necessary to project what radia-
tion environment any given mission
will encounter, Specifically, this ex-
periment will make measurements
outside of the spacecraft in a region
where the inner Van Allen radiation
belt dips close tothe earth’s surface
due to the irregular strength of the
earth’s magnetic field., This region
is usually referred to as the South
Atlantic Geomagnetic Anomaly.

This measurement will be ac-
complished by means of a scintilla-
ting-crystal, charged-particle ana-
lyzer mountedonthe adapter assem-
bly of the spacecraft. Datafromthis
experiment will be usedto correlate
radiation measurements made in-
side the spacecraft and to predict
radiation levels onfuture space mis-
sion,

7. Tri-Axis Magnetometer (4)

The purpose of this experiment is
to monitor the direction and ampli-
tude of the earth’s magnetic field
with respect to an orbiting space-
craft. The astronauts will operate an
adapter-mounted tri-axis fluxgate
magnetometer as they pass through
the South Atlantic Geomagnetic A-
nomaly. The magnitude of the three
directions of the earth’s magnetic
field will be measured with respect
to the spacecraft. The measurement
will be performed in conjunction with
the Proton Electron Spectrometer
experiment to determine the field,
line direction and pitch angle of the
impacting particles.

8. Celestial Radiometry
Space Object Radiometry (5)

The results of these experiments
will provide informationon radiation
intensity of celestial bodies and
various objects inspace. Instrumen-
tation includes a three-channel
spectro-radiometer, a dual-channel
Michelson Interferometer-Spectro-
meter, and a cryogenically cooled
spectrometer. The equipment can
measure radiant intensity from the
ultra-violet through the infrared re-
gion, The sensing units are housed
in the Gemini adapter sectionandare
directed toward the objective by ori-
enting the spacecraft.

The objectives for these experi-
ments are to determine the onset of
sensitivity values for earth objects

£

and sky background radiation and
radiation signatures of various ob-
jects in space and onthe ground.

Observations will include ex-
haust plumes of rocket vehicles
launched from the Eastern or West-
ern Test Ranges, rocket sled ex-
hausts at Holloman Air Force Base,
volcanoes and forest fires as well as
contrasting background areas such
as deserts and warmocean currents.
9. Simple Navigation (4)

The capability of mantonavigate
in space and to provide a reliable
navigation system independent of
ground support will be tested inthis
experiment, Two special instru-
ments have been developed for use
on Gemini spacecraft to allow de-
tailed manual-visual examination of
the space phenomena thought to be
best for space navigation purposes.
These are a space stadimeter and a
sextant, This flight will only carry
the space sextant with which theas-
tronaut will use to make star-
horizon angular measurements for
orbital orientation determinations.
The results will be compared with
actual measurements to determine
the accuracy of the procedures.

10. Synoptic Terrain Photography (4 and5)

The purpose is to obtain photos
of selected parts of earth’s surface
for use in research in geology, geo-
physics, geography, oceanography.
This experiment has been flown on
every flight since MA-8.

Experiment - - 70mm Hasselblad
camera with 80mm Zeiss F2.8 lens;
two packs of color film with 65 ex-
posures each, Approximately ninety
pictures will be taken over areas of
the world. Primary areas are the
shallow waters around the Bahamas,
the Red Sea, and the west central
portion of Mexico.

11. Synoptic Weather Photography (3, 4 and 5)

The Synoptic Weather Photo-
graphy experiment is designed to
make use of man’s ability to photo-
graph cloud systems selectively - -
in color and in greater detail than can
be obtained from the current TIROS
meteorological satellite.

A primary purpose of the ex-
periment is to augment information
from meteorological  satellites
which are contributing substantially
to knowledge of the earth’s weather
systems. In many areas they provide
information where few or no other
observations exist.

Experiment - - 70mm Hassel-

blad camera with 80mm Zeiss F2.8
lens; two magazines of color film
with 65 exposures each, Areas of
interest - - Squall line clouds,
thunderstorm activity not associated
with squall lines, frontal clouds, and
views of fronts, jetstream cirrus
clouds, typical morning stratus of
Gulf states, coastal cloudiness,
tropical and extratropical cyclones,
intertropical convergence zone,
cellular pattern in subtropical phe-
nomenon, wave clouds induced by is-
lands and mountain ranges, broad
banking of clouds in the trade winds
or other regions.

12. Visual Acuity

Astronaut Visibility (5)

The visual ability of the astro-
nauts inthe detection and recognition
of objects on the earth’s surface will
be tested in these experiments, The
spacecraft will be equipped with a
vision tester and a photometer. The
astronauts will use the visiontester
to evaluate visual sightings from
space relative to earthbound base-
line values. The photometer will
measure light attenuation of the
spacecraft window due to scattering.
While the spacecraft is oriented the
astronauts will view a pattern of
panels laid out near | aredo, Texas
and record their findings. Viewings
will be correlated with laboratory
experiments and vision will be
checked pre- and post-flight.

During passage of the spacecraft
over the sites, the command astro-
naut shall be responsible for main-
taining the proper spacecraft at-
titude while the second astronaut ob-
serves the target area and makes
verbal comments to the principal in-
vestigator at the site.

FFor five minutes in each 24 hour
period, each astronaut will use the
on-board visiontester totesthis own
visual acuity on an opportunity ba-
sis.

Experiments to be flown for the first time
1. Bioassays Body Fluids

In this experiment the astronaut’s
reaction to stress during space flight
will be studied by means of analysing
body fluids., Pre-flight and post-
flight blood samples will be taken.
In-flight urine will be measured at
each voiding and a portion of this
stored in special bags.

From analysis of these fluids
experimenters hope to measure body
hormones, electrolytes, proteins,
amino acids and enzymes which may




be produced as a result of stress.
2. Calcium Balance Study

The rate and amount of calcium
change to the body during the con-
ditions of orbital flight will be eval-
uated in this experiment by means of
controlled calcium intake and output
measurements. In addition to cal-
cium, other electrolytes of interest
such as nitrogen phosphorous, so-
dium chloride and magnesium will be
monitored.

The two astronauts will be main-
tained on a prescribed calcium diet
for two weeks prior to flight, during
and after flight. Careful recording
of input-output will be accomplished
and total fecal and urine specimens
will be preserved for analysis, Sweat
will also be measured by careful
cleansing of the crew in distilled
water following recovery. Under-
garments will be similarly cleaned
and the water analysed.

3. In-Flight Sleep Analysis

The objectives of this experiment
are to assess the astronauts’ state
of alertness, levels of conscious-
ness, and depth of sleep during flight,
An electroencephalograph (EEG) on
astronauts will be taken during
weightless flight to establish the
possible use of the EEG as a moni-
toring tool to help determine the
state of alertness and depth of sleep.
The electrical activity of the cere-
bral cortex will be monitored by two
pairs of scalp electrodes and re-
corded on the biomedical recorder,

4. Optical Communication (Laser)

lLaser is an acronym for ILight
Amplification by Stimulated Emis-
sion of Radiation, Stimulated emis-
sion is produced by greatly exciting
the atom, When excited the atom will
emit small quantities of light in
phase or unison. Thus the light is
‘‘coherent,’’ that is, it is'directed in
a constant steady beam in one pre-
cise direction,

This experiment is an attempt to
demonstrate a new technique for
communication between an orbiting
spacecraft and a ground station. In
doing this, a demonstration of optical
frequencies for communications will
be achieved and certainatmospheric
data will be recorded and the value
of an astronaut as a ‘‘pointing con-
trol’”’ will be established.

The primary atmospheric data to
be obtained are background radiance
and attenuation, This data and the ex-

perience obtained from this experi-
ment will be useful in designing fu-
ture systems.

The experiment equipment con-
sists of a flight transmitter and a
ground-based receiver transmitter
system,

The flight transmitter resembles
and is about the same size as a home
movie camera. It weighs about six
pounds and is completely self-con-
tained, It is made up of four injection
lasers, a 10-volt power supply (eight
rechargeable nickel-cadmium bat-
teries), a d.c, (direct current)tod.c,
converter, a telescopic sight and a
microphone.

Four gallium arsenide injection
lasers are the heart of the trans-
mitter, They deliver a total of 16
watts of light power at a wavelength
of 9,000 angstroms, The beams pro-
duced by the lasers form four lines
of light arranged one above the other
making a square patternat distances
of several feet to infinity.

Injection lasers were chosen for
their compactness, light weight and
efficiency in converting electric en-
ergy into light energy.

The ground-based receiver re-
sembles a short, blunt telescope, It
is 30 inches in diameter and consists
of a collector and focusing unit with
a photomultiplier (optical detector)
located at the focal plane. An argon
gas laser beacon is mounted atop
the receiver barrel.

The argon gas laser has an out-
put of three watts into athree milli-
radian beam spread or about 0,17
degree. At 300 miles the beam will be
approximately 0.9 mileindiameter,

Receiver systems have been in-
stalled at White Sands Missile
Range, Ascension Island and Kauaj,
Hawaii. The receivers are slavedto
FPS radars and always point toward
the spacecraft when it is within
range of the radar,

In operation the command pilot
will maintain proper spacecraftori-
entation while the co-pilot aims the
laser transmitter by sighting
through the telescope at the ground-
based argon laser, The argon laser
beam will be visible to the naked eye.

When the spacecraft laser beacon
is acquired by the ground receiver
the ground-based argon laser will be
flashed to indicate that contact has
been established. Both beacons will
be aligned and voice communications
can begin, The co-pilot will switch

to the voice channel and say, “‘l,
B o testing o MI3 9 Hy

Voice communications will be
one way only - from spacecraft tc
ground.

During the experiment th
tronauts will wear safety goggles fo
protection against eye damage which
might be caused by stray or reflect-
ed light from the onboard laser, The
glasses have shields for stopping
radiation which enter the eye from
the side and lenses that filter out
the infrared energy emitted by the
laser,

5. Landmark Contrast Measurements

The purpose of this experiment
is to measure the visual contrast of
land-sea boundaries and other types
of terrain to be used as a service
of navigation data for the onboard
Apollo Guidance and Navigationsys-
tem. [ andmark contrast measure-
ments made fromoutside the atmos-
phere will provide data of a high
confidence level to effectively du-
plicate navigation sightings for A-
pollo.

L andmark measurements will be
made of such areas as the Florida
Coast, South American Chilean
Coast, African-Atlantic Coast and
Australian Coast. A photometric
telescope sensor and equipment used
for the Star Occultation Navigation
experiment will be used.

6. Star Occultation Navigation

The feasibility and operational
value of star occulting measure-
ments in the development of a
simple, accurate and self-contained
orbital navigational capability will
be investigated inthis experiment.

The astronauts will determine
the orbit of the Gemini spacecraft by
measuring the time stars dip behind
an established horizon.

As much of the existing Gemini
onboard equipment as is possible
will be used for the recording of
photometric sensor output sign
tensity and time. Nevertheless, cer-

S
1

navigational studies. Included
equipment is a photoelectri

The photoelectric sen
sists of a telescope, eyepi

chopper, optical filters, photomulti-
plier, pre-amplifier and associated
electronics. The instrument is hand-
held to the astronaut’s eye for view-
ing out the spacecraft’s window,




As the astronaut views the hori-
zon, he looks for bright stars about
to be occulted. He then points the
- telescope at one and centers the star
within a reticle circle, A portion of
the radiation 1s then‘diverted to a
photomultiplier. With a hand-held
switch, the astronaut initiates a cali-
bration mode in which the intensity
of the star is measured automatical-
ly. He then tracks the star withinthe
reticle as the star passes into the
atmosphere and behind the edge of
the earth. The tracking period for
each star is approximately 100 sec-
onds. During this tracking period
the astronaut will manually indicate
the passage of the star through the
air glow, the 509 intensity level and
complete occultation simply by mo-
mentarily depressing the calibration
switch,

The astronaut plays an essential
role in the procedure, First, he
solves the star acquisition problem
by locating the next star to betrans-
ited. Second, he uses his head to point
the telescope thus eliminating a two-
gimbal automatic tracking system
which would of necessity be used if
he were not onboard. Third, he re-
cords star occultation times man-
ually for comparison with the auto-
matic calibration mode, Finally, he
notes peculiarities in the data as it
is collected. In performing this lat-
ter function, the man is used to
greatest advantage to advance the
state of thenavigational art as rapid-
ly as possible.

NOMINAL MISSION PLAN
Gemini 6

Gemini 6 is scheduled to be
launched December 13 at about 9:34
a.m. EST from I aunch Complex 19
at Cape Kennedy, Fla, Jt will be
launched into an elliptical orbit of
168 miles apogee and 100 miles peri-
gee. Second stage booster yaw steer-
ing will be used to place the space-
craft into the same orbital plane as
Gemini 7, Yaw steering provides up
to 0.55 degree inclination increment
change if needed, The spacecraft will
trail Gemini 7 by- 1208 miles at in--
sertion,

_asnctWindows (EST)
9:34am to 10:21lam
! 2 :24am

21 1ay

Sam

N - 2 8:07am to 8:54am
9:42am to 10:14am
N -3 8:1lam to 8:58am
N - 4 6:59am to 7:25am
8:14am to 9:0lam

Rendezvous is planned for the
fourth orbit of Gemini 6, if liftoff
is on time. During the first 35 min-
utes of each launch opportunity each
100 seconds delay in liftoff delays
rendezvous by one spacecraft orbit,
If liftoff time occurs beyond 300 sec-
onds, rendezvous will not be at-
tempted until the beginning of the
second day when better tracking
coverage is available,

Should liftoff occur during the
last 12 minutes of the maximum 47
minute window, a different inter-
mediate sequence of maneuvers will
be inititated to narrow the catch-up
distance between the spacecraft, In
this case, engine cutoff occurs ear-
lier to reduce velocity by 50 feet per
second., This causes the spacecraft
to be inserted into a lower orbit than
planned, with a perigee of about 100
miles and apogee of 138 miles. Inthis
orbit the Gemini 6 catchup rate will
be increased due to the greater dif-
ference in altitude between the two
spacecraft,

Varying insertion velocity as
described above has the effect of
widening the launch window,.

Following a successful, on-time
liftoff and insertionthe uncertainties

of the effect of drag on the space-
craft during its initial orbit may re-
quire a one foot per second posi-
grade burn at first perigee to raise
apogee. In the event of small in-
sertion dispersions, the magnitude
of this maneuver may vary but the
resulting apogee will be 168 miles.

Near the second apogee a posi-
grade burn will add 53 feet per sec-
ond to raise perigee to about 134
miles. This reduces the catchup rate
from 6.7 degrees to 4.5 degrees per
orbit and will provide the proper
phase relationship between the two
spacecraft for circularization at
third apogee.

Should the two spacecraft be in
different planes, a plane adjustment
will be made by Gemini 6 at the com-
mon node (where the two spacecraft
orbits intersect)following the second
apogee posigrade burn,

At the third Gemini 6 spacecraft
apogee, a posigrade burn of 53 feet
per second will be madeto circular-
ize the orbit at 146 miles.

Gemini 6 will then be trailing
Gemini 7 by about 184 miles. This
is within range of the onboard radar
and lock-onshould have occurred.

A 32 feet per second posigrade
burn will be made at terminal phase
initiation along the line of sight to
Gemini 7., This will be at a ground
elapsed time of about 5 hours, 15
minutes - about one minute after en-
tering darkness. The range between
the spacecraft atthis time is expect-
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=2 to be about 39 miles.

Approximately 33 minutes fol-
_owing terminal phase initiation a
igrade velocity of 43 feet per
second will be applied to Gemini 6.
This places the two spacecraft into
the same orbit and rendezvous will
nave been accomplished.

Should there be computer, plat-
form or radar failure, the mission
can still proceed using ground data
and radar-optical or optical rendez-
vous modes.

Retrofire will occur at a ground
=lzpsed time of 46 hours and 10 min-
during the 29th revolution,
L anding will be in the West Atlantic
recovery area.

utes,

GEMINI 6 EXPERIMENTS

Three experiments will be per-
sormed during the Gemini 6 mission:

1. Synoptic Weather Photography

2. Synoptic Terrain Photography

3. Radiation in spacecraft

The photography experiments
=re repeats of those flownonall pre-
wious Gemini flights. A description
- these appears in the Gemini 7
=xperiments section.

The radiation experiment is
Zesigned to measure radiation levels
3 distribution inside the space-

craft., Seven sensors are located
throughout the spacecraft. One is
s~ielded to simulate the amount of
-a2iiation the crew membersarere-
C beneath their skin. The
shield will be removed as the space-

craft passes through the South At-
lantic anomaly, the area where the
radiation belt dips closest to the
earth’s surface,

This experiment was also flown
on Gemini 4,

GEMINI SPACECRAFT

The Gemini spacecraft is con-
ical, 18 feet, 5 inches long, 10 feet
in diameter at its base and 39 inches
in diameter at the top. Its two major
sections are the reentry module and
the adapter section,

Reentry Module

~ The reentry module is 11 feet
high and 7 1/2 feet indiameter at its
base. It has three main sections: (1)
rendezvous and recovery (R&R), (2)
reentry control (RCS), and (3) cabin.

Rendezvous and recovery section
is the forward (small) end of the
spacecraft, containing drogue, pilot
and mainparachutes and radar,

Reentry control section between
R&R and cabinsections contains fuel
and oxidizer tanks, valves, tubing
and two rings of eight attitude con-
trol thrusters each for control dur-
ing reentry. A parachute adapter as-
sembly is included for main para-
chute attachment.

Cabin section between RCS and
adapter section, houses the crew
seated side-by-side, their instru-
ments and controls. Above each seat
is a hatch. Crew compartment is a
pressurized titanium hull. Equip-
ment not requiring pressurized en-
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AND MANEUVERING

m

A

25 LB THRUST CHAMBER
TYPICAL 16 PLACES)

(TYPICAL 8 PLACES)

OXIDIZER

85 LB DECELERATE
THRUST CHAMBER
(TYPICAL 2 PLACES)

100 LB MANEUVER
THRUST CHAMBER

REENTRY
CONTROL
SYSTEM

vironment is located between pres-
sure hull and outer beryllium shell
which is corrugated and shingled to
provide aerodynamic and heat pro-
tection, Dish-shaped heat shield
forms the large end of cabin section,
Adapter Section

The adapter section is 7 1/2feet
high and 10 feet in diameter at its
base, containing retrograde and e-
quipment sections.

Retrograde section contains four
solid retrograde rockets and part
of the radiator for the cooling sys-
tem.

Equipment section contains elec-
trical power source systems, fuel for
the orbit attitude and manuever sys-
tem (OAMS), primary oxygen for the
environmental control system
(ECS). It also serves as a radiator
for the cooling system, also contain-
ed in the equipment section.

NOTE: The equipment section is
jettisoned immediately before re-
trorockets are fired for reentry. The
retrograde section is jettisoned af-
ter retros are fired.

Propellant

Gemini-7 - - 423 pounds

Gemini-6 - - 669 pounds
Gemini-7 Spacecraft Modifications

The following modifications have
been made to the Gemini-7 space-
craft to support Gemini-6 rendez-
vous mission:

1. A transponder to receive and
transmit signals from the Gemini-6
rendezvous radar system has been
installed in the nose of the space-
craft,

2. Two acquisition lights have
been placed on the adapter section
180 degrees apart. These are the
same lights designed for the Agena
target vehicle, They flash about 80
times per minute and can be seen for
approximately 23 miles.

GEMINI LAUNCH YEHICLE

The Gemini [Launch Vehicle
(GLV) is a modified U.S, Air Force
Titan II intercontinental ballistic
missile consisting of two stages,

GLV dimensions are:

HEIGHT

Ist stage: 63 ft,  2nd stage: 27 ft.
DIAMETER

Ist stage: 10 ft.  2nd stage: 10 ft.
THRUST

Ist stage: 2nd stage:

430,000 pounds 100,000 pounds

9




(two engines)
BUEIL
50-50 blend of monomethyl hydra-
zine and unsymmetrical-dimethyl

hydrazine,

OXIDIZER g
Nitrogen tetroxide (Fuel is hyper-
golic, ignites spontaneously upon
contact with oxidizer),

(one engine)

Overall height of launch vehicle
and spacecraft is 109 feet, Combined
weight is about 340,000 pounds.

Modifications to Titan II for use
as the Gemini Launch Vehicle in-
clude:

L. Malfunction detection system
added to detect and transmit booster
performance information to the
CTrew,

2. Backup flight control system
added to provide a secondary system
if primary system fails,

3. Radio guidance substituted for
inertial guidance,

4. Retro and vernier rockets de-
leted.

5. New second stage equipment
truss added.

6. New second stagée forward
oxidizer skirt assembly added,

7. Trajectory tracking require-
ments simplified,

8. Electrical, hydraulic and in-
strument systems modified,

CREW BIOGRAPHIES
FRANK BORMAN

Gemini 7 command pilot

BORN: Gary, Ind., Mar. 14, 1928
HEIGHT: 5 feet, 10 inches

14

WEIGHT: 163 1bs. Blonde hair, blue

eyes.

EDUCATION: Bachelor of Science
degree, United States Military
Academy, 1950; Master of Sci-
ence degree in aeronautical en-
gineering, California Institute of
Technology, 1957,

MARITAL STATUS: Married to the
former Susan Bugbee of Tucson,
Ariz,

CHILDREN: Frederick, Oct. 4,
1951; Edwin, July 20, 1953,

EXPERIENCE: Upon graduation
from West Point, Borman, now
an Air Force Major, chose an
Alr Force career and received
his pilot training at Williams Air
Force Base,; Calif,

From 1951 to 1956 he served
with fighter squadrons in the
United States and in the Philip-
pines and was an instructor at
the Air Force Fighter Weapons
School.

From 1957 to 1960 he was an
instructor of thermodynamics
and fluid mechanics at the U.S,
Military Academy.

He was graduated from the
USAF Aerospace  Research
Pilots School in 1960 and later
served there as an instructor,
In this capacity he prepared and
delivered academic lectures and
simulator briefings, and flight
test briefings on the theory and
practice of spacecraft testing,
Borman has logged more than
4,400 hours flying time, including
more than 3,600 hours in jet
aircraft,

CURRENT ASSIGNMENT: Borman
was one of the nine astronauts
named by NASA in September
1962,

Borman is the son of Mr. and Mrs,

Edwin Borman, Phoenix, Ariz,

JAMES A. (for Arthur) LOVELL, Jr.
Gemini 7 pilot

BORN: Cleveland, Ohio, March 25,
1928,

HEIGHT: 6 feet

WEIGHT: 165 1bs. Blond hair, blue
eyes.

EDUCATION: Bachelor of Science
degree from the United States
Naval Academy, 1952; attended
University of Wisconsin 1946-
1948.

MARITAL STATUS: Married to the
former Marilyn Gerlach of Mil-
waukee,

CHILDREN: Barbara I ynn, Oct. 13,
1953; James A., Feb. 15, 1955;
Susan Kay, July 14, 1958,

1 ]

EXPERIENCE:

[Rovelllvssy
L ieutenant Commander, receiv-
ed flight training following his
graduation from Annapolis,

Navy

He served in a number of
Naval aviator assignments in-
cluding a three-year tour as a
test pilot at the Naval \ir Test
Center at Patuxent River, Md.
His duties there included ser-
vice as program manager for
the F4H Weapon System Eval-
uation,

Lovell was graduated from
the Aviation Safety School of the
University of Southern C alifor-
nia.

He served as flight instructor
and safety officer with Fighter
Squadron 101 at the Naval Air
Station at Oceana, Va,

Lovell has logged 3,000 hours
flying time, including more than
2,000 hours in jet aircraft,

CURRENT  ASSIGNMENT: I ovell
was selected as an astronaut by
NASA in September 1962. In ad-
dition to participating in the
overall astronaut training pro-
gram, he has been assigned
Special duties monitoring design
and development of recovery and
including crew life support Sys-
tems and developing techniques
for lunar and earth landings and
recovery,

Lovell is the son of Mr. and Mrs,

James A\, lovell, Sr., Edgewater

Beach, Fla.




A satellite to measure and mon-

itor solar x-ray emissions
during the final portion of the 1964-
1965 International Cuiet Sun Year
is a joint project of NASA and the
Naval Research [aboratory, The
IQSY Solar Explorer was scheduled
for launch from NASA’s Wallops
Station no earlier than Nov, 18, on
a four-stage Scout,

The international scientific com-
munity has been invited to acquire
data directly from the satellite,
Information obtained will be corre-
lated internationally by scientists
conducting studies related to ICSY,
a period when solar activity is at
a minimum.

The ICSY Solar Explorer, by
measuring and monitoring solar x-
ray emissions and providing im-
mediate data to interested scien-
tists, has the potential for improving
forecasts of ionospheric conditions
that affect short-wave radio com-
munications and for developing a
warning system for major solar
flares which produce intense proton
emissions hazardous to manned ac-
tivities in space.

The 125-pound spacecraft con-
sists of two 24-inch hemispheres
separated by an equatorial band in
which are installed 12 photometers
for measuring solar x-ray and ul-
traviolet emissions, Electrical pow-
er is supplied by solar cells mount-
ed on the hemispheres.

The spin-stabilized satellite was
planned to be placed by-630 mile
orbit inclined 60 degrees to the
Equator., Expected active lifetime
is one year.

The spacecraft will complement
and continue the scientific missions
of other NASA spacecraft and
the NRL’s two Solar Radiation
(SOLRAD) satellites: 1964-01D,
launched in January 1964 and 1965-
16D, launched in March 1963,

NASA’s Office of Space Science
and Applications (OSSA) has over-
all direction of the ICSY Solar Ex-
plorer and Wallops Station is re-

1QSY EXPLORER

sponsible for project coordination
and launch operations.

Satellite commands and acquisi-
tion of scientific data will be car-
ried out by NRL through its Track-
ing and Command Station in Hybla
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SOLAR ASPECT DETECTOR
NUTATION DAMPER

NUTATION
DAMPER

Valley, Va.

NASA’s Goddard Space Flight
Center, Greenbelt, Md., will be re-
sponsible for tracking the satellite
during its useful life and will sup-
port NRL in acquisition of teleme-
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tered data from the satellite.

The Scout launch vehicle is under
the management of NASA’s Langley
Research Center, Hampton, Va.

The Earth is a body immersed
in the atmosphere of a star - - the
Sun. Radiation from the Sun controls
the environment of Earth, of other
solar system planets and of inter-
planetary space. Because most e-
missions of radiation from the Sun
are variable, the environment of
the Earth is variable.

This is a pattern to solar ac-
tivity, with a maximum and a mini-
mum occurring every 11 years, and
a similar cyclic variation is evident
in the properties of the Earth’s at-
mosphere,

The present period is one of
minimum solar activity. The next
period of maximum activity will be
from 1967 to 1972.

The solar flare appears to be
the most important part of the solar
activity insofar as effect upon the
environment of the Earth is concern-
ed. A flare is a sudden brightening
of an area of the solar surface
occurring in a few minutes and then
slowly decaying over a period of

hours,

The x-rays and enhanced ultra-
violet light emitted during the life
of a flare increase the ionization in
the Earth’s ionosphere and disrupt
short-wave radio communications.

The largest flares also emit
great numbers of high energy pro-
tons which increase the radiation
levels in interplanetary space and
over the Earth’s poles. Greater
knowledge of the radiation emitted
by the Sun is required to under-
stand these interactions between
solar events and the Earth’s upper
atmosphere and ionosphere,

In addition to effects on inter-
planetary space, the Sun itself is
an interesting astronomical object,
It is the only star whose surface
characteristics we can resolve and
study. Knowledge gained by studying
the Sun will help astrophysicists to
understand and interpret the data
from other stars,

The techniques of space research
permit scientists to expand solar
studies two ways: They canincrease
the resolving power of their tele-
scopes through the elimination of
atmospheric distortion, and they can

observe many more decades (group-
ings) of the electromagnetic spec-
trum.

The Sun emits electromagnetic
radiation (light, radio and infrared
radiation) in 16 decades of wave-
length or ‘‘color’’.

Of these 16 decades, onlya frac-
tion of one decade is the visible
light that a human eye cansee. Three
other decades lie in the radio por-
tion of the spectrum which can be
observed on the ground.

The rest of the solar radiation
is absorbed in the Earth’s atmos-
phere and can be observed only with
instruments above the atmosphere.

The absorbed portions of the
spectrum are doubly important.
They are the portions which vary
with solar activity. In order to un-
derstand the mechanism of a solar
flare, studies of the ultraviolet and
x-rays emitted during a flare (both
of which are absorbed in the atmos-
phere) must be made, Furthermore,
since the radiation is absorbed in
the upper atmosphere, these por-
tions of the solar radiation control
the nature of the upper atmosphere.

Satellites contribute to studies of

IQSY SOLAR EXPLORER REGIONS OF STUDY
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SOLAR AREAS OF SCIENTIFIC INTEREST

.
SUNSPOTS * :
COOL, DARK AREAS 5
CENTERED IN STRONG, LOCAL
MAGNETIC FIELDS; LAST

FEW DAYS TO 3 MONTHS;
UMBRA IS DARK CORE;
PENUMBRA [S OUTER AREA

SOLAR WIND

CHROMOSPHERE
(VISIBLE DURING ECLIPSES OR
WITH SPECIAL TELESCOPES;
THIN TRANSITION LAYER
BETWEEN COOL PHOTOSPHERE
AND HOT CORONA)

THERMONUCLEAR

o TO HELIUM .
SOL

£—— WIND

CORONA
(VISIBLE DURING ECLIPSES

OR WITH SPECIAL TELESCOPES;
IONIZED GASES CORRESPONDING
TO TEMPERATURES OF 1.5 TO

2 MILLION DEGREES KELVIN,
ABOUT 3 MILLION DEGREES
FAHRENHEIT

PHOTOSPHERE
(VERY BRIGHT VISIBLE DISC WITH

solar phenomena in three major
ways. They make possible the study
of the ultraviolet, x-ray and gamma
ray radiation which is absorbed in
the atmosphere; they permit con-
tinuous monitoring of this radiation
during solar cycles of activity; and
they provide higher resolution than
ground equipment through the elimi-
nation of atmospheric scattering.

The primary reasonfor the solar
studies is to meet the overall ob-
jective to expand human knowledge
of space phenomena. While theseare
exciting and important reasons for
the work there are also practical
benefits to be gained.

Knowledge of solax radiationand
its effects on the terrestrial en-
vironment, together with continuous
monitoring of the entire spectrum
of solar radiation, should result in
significant advances in the under-
standing of, and ultimate control
over weather, y

If significant advance signs of
solar activity can be found and used
to predict solar flares, this dis-
covery will be a major contribution
to the communications industry, me-
teorology and manned space flights.

In recent years portions of the
solar spectrum of radiations have
been observed by ground-based
monitors, balloon-borne’ instru-
ments, high-flying aircraft, sound-

REACTIONS IN WHICH
HYDROGEN IS CHANGED
TEMPERA-
TURE AT CENTER 15
MILLION DEGREES KELVIN

SOLAR WIND

GRANULAR-APPEARING SURFACE ON
WHICH SUNSPOTS AND PLAGES OCCUR;
MARKED BY STRONG, TURBULENT MOTIONS,
LIKE BOILING LIQUID; ITS LIGHT REACHES
EARTH IN 8 MINUTES; TEMPERATURE

5,800 DEGREES KELVIN OR ABOUT 11,000
DEGREES FAHRENHEIT; EDGE IS CALLED THE LIMB)

SOLAR WIND — sTREAMS

OF CHARGED PARTICLES; MOSTLY
ELECTRONS AND PROTONS; CAN
PRODUCE GEOMAGNETIC STORMS
AND IONOSPHERE DISTURBANCES

PROMINENCES

(CONDENSED STREAMS

OF COOL GAS, ABOUT

10,000 DEGREES KELVIN, WITHIN HOT CORONA)

(BRIGHT, HOT
AREAS ON
PHOTOSPHERE)

SOLAR WIND —>

(DARK AREA
IN PLAGE)

SOLAR FLARE

(SUDDEN RELEASE OF TREMENDOUS
ENERGY FROM NEAR A SUNSPOT;

SPEWS FORTH CHARGED PARTICLES, RAYS,
AND IONIZED GASES THAT AFFECT THE
EARTH ENVIRONMENT WITHIN A FEW
MINUTES AND FOR DAYS AFTERWARD;

CAN DISRUPT LONG DISTANCE RADIO AND
TELEPHONE COMMUNICATIONS)

ing rocket flights, deep space probes,
and satellites. Scientists from
industry, universities, and several
Government agencies have engaged
in these efforts to unlock the Sun’s
sgcrets,

The Naval Research [aboratory

began in 1949 a program of ob-
servation of solar ultraviolet and
x-ray emissions in which the V-2
and, later, Aerobee sounding rockets
were used to lift sensitive instru-
ments (spectrographs and photome-
ters) above the absorbing layers of
the atmosphere.
- In 1956, NRL began trying bal-
loon-launched rockets, ROCKOONS,
in a direct-measurement attempt
to test the theory that solar x-rays
were responsible for sudden ionos-
pheric disturbances (SIDs) during
solar flares,

A rocket fired during a solar
flare July 20, 1956 indicated a sur-
prisingly high intensity of x-rays
between altitudes of 75 and 100
kilometers (47 to 62 statute miles),
The x-ray flux was the first ever
obtained at such short wavelengths
and at such a low level in the ionos-
phere,

Subsequent ground-launched
sounding rockets gathered consider-
able new data on x-ray emissions
during 1957 through 1959, Rocket
measurements were made during

three solar flares each of which
was accompanied by a 1

Sounding rocket expe )
NRL, NASA and others provi
the brief glimpses of
spectrum necessary to
velopment of satellite instrumen-
tation.

In the study of such spasmodic
events as solar flares, howes
the sounding rockets have ti
handicaps: They cannot be launched
quickly enough to see the early
phases of flare; they cannot stay
above the Earth’s atmosphere long
enough to measure time variations
of solar x-ray and ultraviolet e-
missions; and it is difficult to keep
instruments pointed at the Sun due
to roll and yaw,

Therefore, scientists turned to
satellites capable of providing a
stable platform for continuous solar
monitoring.

In June 1960, the SR-I, design-
ed and built by NRIL, became the
first successful solar x-ray mon-
itoring satellite. Because x-ray
monitoring could be conducted only
when SR-1 passed over a telemetry
station, the experiment depended on
NASA for tracking and dataacquisi-
tion, :

Despite modest capabilities, 577
telemetry records were obtained
from SR-I between June 22 and Nov.
1, 1960, One hundred of these show-
ed measurable x-ray fluxes.

Results were significant, SR-I
confirmed the hypothesis that solar
x-rays cause sudden disturbances
in the ionosphere during flares and
determined the intensity necessary
to trigger the changes.

It also established that active
prominence regions, bright sur
on the edge of the Sun, and cer
solar-edge (limb) flares have
same characteristics as major

M e

tion of the Sunas viewed from Earth,

Data from SR-Ishowed thats
x-ray fluxes provide a very
sitive measure of solar acti
can change significantly wi
minute. It was found that long
tion x-ray events of mode
tensity canaccompany ri
nences on the solar limb. )
nences are streams of cool gas that
surge into the hot corona.

The second satellite in the SR
series failed to achieve orbit and
the third, SR-III, launched in June

/.
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1961, went into a tumbling mode
that made data reduction difficult.
Nevertheless, some of thedatafrom
SR-III has been reduced and found
useful,

The ICSY Solar Explorer, de-
signed and built by NRL will con-
tinue the solar x-ray monitoring
program begun by SR-I. Main ob-
jectives are to:

1. Monitor the Sun’s energetic
x-ray emission with standardiz-
ed x-ray photometers;
2. Measure the time history of
X-ray emission intensity and
spectral equality of solar flare
emissions and to correlatethese
measurements with those of op-
tical and radio ground-basedob-
servatories; and

3. Provide real-time solar mon-

itoring information to all inter-

ested participants in the ICSY
program.

The spacecraft consists of two
24-inch diameter hemispheres sep-
arated by a 3 1/2 inch equatorial
band in which are mounted 12 pho-
tometers with magnets to shield the
photometers from saturation by Van
Allen radiation belt electrons. Also
mounted on the equatorial band are
four antennas for telemefry pur-
poses.

Six flat circular panels covered
with solar cells are mounted sym-
metrically on the hemispheres.

Electric power converted from
solar energy by the cells is avail-
able to charge the nickel-cadmium
batteries and to operate all space-
craft electrical systems. The sym-
metrical arrangement of the 11-
inch diameter panels assures ad-
equate power regardless of the Sun
angle,

The silicon solar cells will sup-
ply six watts of power, The portion
of the shell not covered with solar
cells is highly polished and has a
thermal control coating applied.
This will keep the internal tempera-
ture between 10 and 40 degrees
Centigrade,

Two low-thrust vapor jets are
located adjacent to the equatorial
band to maintain spin rate and con-
trol of the spin axis. The space-
craft is planned to be spin stabli-
Lzzeq at about one revolution per
Two Sun sensors located
es apart generate prop-
1 jet pulses to process
in axis as necessary.

S

ll

Output of four photometers can
be switched to the low-power Dig-
ital Data Storage System (DDSS).
The digitized data can be read out
over a special transmitter by com-
mand when the satellite passes near
the NRL ground facility.

Radio equipment on the satellite
includes an analog transmitter for
continuous  operation, a digital
transmitter to operate on command
only, the four-element antenna sys-
tem, and two command receivers
connected to a decoder system for
placing the spacecraft and its ex-
periments in desired operating
modes,

The telemetry system consists
of six subcarrier. oscillators. Their
mixed output modulates a trans-
mitter which will send both house-
keeping and x-ray data.

A magnetic core memory system
will collect data from four x-ray
detectors over a 24-hour period

origin and the ways in which they
manifest themselves,
The entire array of
netic radiations is ¢
tromagnetic spectru
Wavelengths ¢
radio frequencies
pressed in meters;

>lectromag-
ed the elec-

sponding  to
usually ex-
x-rays and

o)

gamma rays in angstroms or milli-
microns, X-ray and gamma photons

are often described by s
their energy in electron-volts

Instrumentation on the ICSY
Solar Explorer will make measure-
ments in the x-ray and ultraviolet
regions of the electromagnetic spec
trum,

Radiation measurements will be
obtained by two types of photometers
- - ion chambers and Geiger count-
ers. The latter will be used for
measurements  below eight ang-
stroms. Ultraviolet photometers
will measure the region from 1080
to 1350 A.

ifying

The satellite measurements will be as follows:

Wavelength Type of Number of Type of
(In angstroms) Emission Photometers Photometers
0.5t 3 X-ray ! two Geiger counter and
one backup
1t08 X-ray four* Geiger counter, 2
ion chambers and one
backup for G counter
1t020 X-ray one lon chamber
8to 16 X-ray two™ Two ion chambers
44 to 60 X-ray one lon Chamber
1080 to 1350 Ultra- two lon chamber (2 in
violet parallel)
1225 to 1350 Ultra- two lon chamber (2 in
violet parallel)

(* - Each 1-8A and 8-16A photometer has a different degree of sensitivity to cover a broad
range of flux values and to permit the correlation and extension of similar measurements on

earlier satellites.)

and then, on command, transmit
the digitized data for five minutes
to the NRL ground station. After
that the system is reset to collect
data for another 24-hour stretch.
All radiant energy, including that
from the Sun, is emitted in many
diverse forms and over a tremen-
dous range of frequencies, or wave-
lengths, All these forms of radiant
energy are electromagnetic in na-
ture, obey the same basic laws

and travel throughspace at the speed
of light (about 186,300 miles per
They differ in wavelength,

second).

The measurements are made in
different but overlapping x-ray
bands so that comparison of the
different photometer outputs can be
employed to construct a model of
the solar x-ray spectrum and to
provide an instantaneous indication
of spectral changes with solar ac-
tivity,

Satellite-obtained data on the
daily average x-ray flux will be
provided to the Institute for Tele-
communications Sciences and Aero-
nomy, Boulder, Colorado, for rapid
publication.




ATLAS AND AGENA

As of September 30, 1965, there
had been 263 Atlas launches

HEADED FOR RENDEZVOUS IN SPACE -

Artist’s conception shows a
specially modified Agena upper stage as it separates from its Atlas
SLV-3 booster headed for orbit prior to launch of the two-man Gemini V|
spacecraft carrying pilots Walter M. Schirra, Jr. and Tom Stafford. The
SLV-3 has shed its two booster engines, and retrorockets located near
the nose of the launch vehicle have just fired, backing the big booster

from both U.S. test ranges. Many of
the early flights were research and

development tests to prove the Atlas
concept and designfor use as a weap-

away from its Agena upper stage. Once the Target Agena has been launch-
ed info circular orbit 161 nautical miles above the earth, ground stations
will track the Agena, plot its orbit, and determine the orbital trajectory
necessary for the two-man spacecraft. The SLV-3 booster used in the
Gemini VI mission is a standardized version of the Atlas launch vehicle
used successfully to boost the nation’s first orbiting astronauts in Project
Mercury.
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on system for the Air Force,

In addition to the military test

flights, Atlas launch vehicles were
used to place the manned Mercury
" capsules in orbit,

But the workhorse of the unman-
ned space exploration programs of
the nation has been the versatile
and reliable Atlas-Agena combina-
tion which has accounted for many
of the nation’s spectacular succes-
ses in space.

The first launch of an Atlas with
an Agena upper stage came on Feb-
ruary 26, 1960. To date, there have
been 359 Atlas-Agena launches for
the U.S. Air Force and the National
Aeronautics and Space Administra-
tion. In 52 of them the Atlas launch
vehicle performed successfully.

Atlas-Agena vehicles success-
fully launched the Ranger space-
craft which sent backthe first close-
up photos of the surface of the moon,
boosted the Mariner vehicles which
successfully flew to the vicinity of
the planets Venus and Mars, and
launched the Vela nuclear detection
satellites into highly eccentric earth
orbits. Orbiting Geophysical Obser-
vatory (OGO)satellites were launch-
ed by Atlas-Agena vehicles, and the
first nuclear reactor inorbit (SNAP)
was launched by an Atlas-Agena,

Current planning calls for Atlas-
Agena launches of OGO spacecraft,
OAOQO (Orbiting Astronomical Obser-
vatory) satellites, lunar Orbiter
vehicles, and ATS (Applications
Technology Satellite) payloads, plus
Gemini target flights similar to the
Gemini VI mission and classified
missions for the U.S. Air Force.

ATLAS SLV-3 DESCRIPTION

The SIL.V-3 is composed of a
basic airframe and standardized
system Kkits. The basic vehicle and
the ground equipment at eachSI V-3
launch pad are designed so that all
vehicles are compatible with all
pads. The system kits canaccommo-
date the peculiarities of thetwo U.S.
missile ranges.

Each basic vehicle and each kit
is a separate deliverable item which
must be accepted by the Air Force
before kit installation. All kits are
installed and a final composite sys-

t
-t

tegt launch vehicle accept-
e, I'his is in addition to the in-

tion and checkout of
Its, components and

systems prior totheir integrationa-
board the vehicle.

The Kit Concept

Standardized guidance, autopilot,
tracking, telemetry, and electrical
system ‘‘kits’’ are provided for the
SI V-3 for installation on a basic air
frame. Installation of the kits tailor
each vehicle to its particular mis-
sion and its launch site, Required
kits may be installed closer to de-
livery dates than ever before, offer-
ing greater flexibility in scheduling
of launch facilities and flights.

Kit installation allows the econ-
omy and reliability of a standard de-
sign, improved countdown and flight
reliability, decreased costs, and

more flexibility for a variety of mis-
sion assignments.

Prior to development of the Atlas
SLV-3, Atlas vehicles used for space
launches were in many respects
similar to the Atlas intercontinental
ballistic missile. Only those modi-
fications necessary to make the ve-
hicles compatible with particular
Space missions were made,

Structure

The SI V-3 structure consists of
a propellant tank section and the
thrust structure. Atlas vehicles
were first to use the integral tank
principle. This concept is carried
over into the design of new Atlas
SLV-3. Its integral tank needs no
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internal braces and is pressurized
to maintain rigidity and structural
integrity. Elimination of braces re-
duces weight, allowing greater range
and heavier payloads,

The main propellant tank is made
of cold-rolled stainless steel formed
into a cylinder and welded, with a
bulkhead at either end and an in-
termediate bulkhead to divide the
tank into two compartments,

The lower (aft) compartment
contains the fuel called RP-1, and
the top (forward) tank the oxidizer
which is liquid oxygen. Helium gas
is used to pressurize the tank,

Propellants

The propellants used inthe Atlas
SI.V-3 are liquid oxygen and RP-1,
hydrocarbon fuel resembling kero-
sene. These propellants are supplied
under pressure both to the engines,
combustion chambers and to the
pump gas generators, The gas gen-
erators deliver hot combustion pro-
duct gases tothe turbines drivingthe
turbo pumps. RP-1 fuel is maintain-
ed at ambient temperature; the tem-
perature of the liquid oxygen is
minus 297 degrees Fahrenheit,

RP-1 fuel is pumped aboard the
Atlas SL.V-3 one day prior to launch
at approximately 1,000 gallons per
minute. Tiquid oxygen is pumped
into the forward tank of the Atlas
SLV-3 about 30 minutes prior to
liftoff at approximately 2,000 gallons
per minute,

Engines

The SI.V-3 is propelled by the
most powerful engines developed for
the Atlas program - the 390,000
pound-thrust Rocketdyne MA-5pro-
pulsion system. The system is com-
posed of two sections: the booster
section and the sustainer-vernier
section., The booster section in-
cludes two 165,000-pound thrust out -
board engines, Booster engines are
dropped from the vehicle during
tlight., The sustainer or center
engine is installed on the propellant
tank section.

The sustainer-vernier engine
section is mounted on the main ve-
hicle structure and consists of the
57,000 pound-thrust sustainer en-
£ine and two small vernier engines
of approximately 670 pounds thrust,
I'he sustainer and vernier engines
continue to burnafter the two-engine
booster section has been jettisoned,

After sustainer engine cut off

(SECO), the two vernier engines con-  trol.

tinue burning for fine velocity con-

ATLAS SLV-3 STATISTICS

........................

Maximum diameter of Atlas SLV-3 at
booSter Section........vuwwsvsnns,..

Diameter of Atlas SLV-3 at tank
Section: s s s e o e

Minimum diameter of Atlas SLV-3 at
tapered nose section...............

Weight at liftoff (without upper

stage and/or payload)..............
Weight of liquid oxygen (upper tank)..
Weight of fuel (lower tank)...........

Thust at Liftoff ... . ivae i o

Liftoff with upper stage and payload
thrust acceleration................

Fuel temperaturen . .iire s it n s

Liquid oxygen and fuel consumption
T e o B B o

Atlas SLV-3 operational environment. .

Atlas SLV-3 guidance..................

Launch site

...........................

Atlas SLV-3 tank (airframe) skin
gauges

.............................

Atlas SLV-3 period of powered flight.
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Taunceh¥azimuth . oo

SLV-3 #5301

66' 0"
16' O"
10' o
5' 10"

More than 260,000 lbs.
More than 160,000 lbs.
More than 73,000 1bs.

390,000 lbs.

1.4 ¢

Minus 297 degrees
Fahrenheit

Ambient

About 1,500 1lbs./second

. Minus 297 degrees

Fahrenheit (LOX) to
1,000 degrees Fahrenheit

Radio-inertial
Complex 14, Eastern
Test Range

.014 to .048 inch

-About five minutes

80 to 105 degrees

SLV-3 PAYLOAD CAPABILITY*
Direct aseent . vseert. WER- v vy 2,600
TR e e e ies 4,100
With Centaur....:......... WER: . onnns -——
ELR-s os 10,300
Escape...... 2,500




APPLICATIONS
TECHNOLOGY SATELLITE

A new type of satellite soon may

imitate the man in the moon by
keeping its ‘‘face’’ continually look-
ing toward the earth,

This was revealed recently when
the National Aeronautics and Space
Administration gave details of pre-
viously-announced plans to orbit
a new breed of scientific satellites,
called Applications Technology Sat-
tes  (ATS), including several
ch will uncoil four tip-weighted
booms to a ‘‘wingspread’’ nearly
the length of a football field.

Dr. Fred P. Adler, vice president
of Hughes Aircraft Company, El Seg-
2ndo, Cal., provided the information
that the booms, similar to a tight-

walker’s balancing poles, will
anreel more than 130 feet from the
O testanew ‘‘gravity gradient’’
or stablizing satellites.
ilding five flight ve-
== znd two prototype models of

> spacecraft under a $39 mil-

~ract for NASA’s Goddard

Space Flight Center.

The concept is similar to the
principle that causes the moon to
rotate once during each orbit and
thereby keep its ‘‘face’’ facing the
earth with never an about-face,
he explained. This principle can be
used to make the satellite keep its
antenna facing earthward because
the long booms, which carry weights
on the ends, interact withthe earth’s
gravitational field to keep the satel-
lite stable, This means that, if suc-
cessful, a gravity-gradient space-
craft could keep a fixed antenna aim-
ed at the earth without requiring
a gas jet control system.,

The new satellite family will con-
duct about 20 experiments and stud-
ies on communications techniques,
weather, ion engines, satellite stabi-
lization, cloud photography and solar
radiation damage.

Only later satellites in the five-
spacecraft family will be equipped
with booms for carrying out the

gravity-gradient experiments,

The first ATS, scheduled for
launch in late 1966, and one later
ATS, will use the technique of spin
stabilization and gas jet control
developed by Hughes for the Syncom
and Early Bird communications sat-
ellites, Dr. Adler said.

““One of the main experiments
on the first flight will be the use
of a new type of communications
antenna which has the effect of in-
creasing the signal strength from
the satellite,”’ he said.

““The Hughes-developed device,
called a phased-array electronical-

STRUCTURAL MODEL - A full-scale structural
model of the Applications Technology Satellite
nears completion at Hughes Aircraft Company
where five flight models are being built for
NASA’s Goddard Space Flight Center. The ATS
spacecraft will conduct some 20 separate scien-
tific experiments aimed at advancing satellite
technology in communications, satellite stabili-
zation techniques and control, and gathering
meteorological data. The spacecraft shown
here is the spin-stabilized synchronous orbit
satellite.







ly-despun antenna, makes it possible
to concentrate a satellite’s commu-
nications beam in the direction of
the earth, instead of radiating it
in all directions, even though the
satellite is spinning.’’

ATS launches will occur at in-
tervals of about six months follow-
ing the first launch late next year.
The satellites are expected to oper-
ate in orbit at least three years.

Three types of missions are
planned for the ATS spacecraft:

1. A 6,000-mile earth orbit to
experiment with gravity-gradient
stabilization, measure radiation
damage and particle detection, and
scan the earth’s cloud cover with
high resolution cameras.,

2, Two synchronous spin-stabi-
lized 22,300-mile orbits for commu-
nications, meteorological,ion engine,
and cloud-scan experiments,

3. Two synchronous orbits using
the gravity-gradient system to con-
duct ion engine, meteorological, and
radiation experiments,

The spacecraft will be approx-
imately 56 inches in diameter and
will vary in length from 53 to 72
inches, Weight in orbit will vary
from approximately 650 to 775
pounds. The satellites will conduct
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approximately 20 major experi-
ments, including investigation of
gravity gradient stabilization tech-
niques, studying advanced satellite
communications concepts and mak-
ing earth studies. The experimental
payloads will be provided by NASA.
The satellites are to operate in
orbit for at least three years,

First launch, using a two-stage
Atlas-Agena, is scheduled for late
1966, with subsequent launches at
approximately 6-month intervals.
The launch sequence is as follows:

1. Synchronous altitude station-
ary orbit, spin stabilized.

2. Medium altitude (inclined or-
bit) gravity-gradient stabilized.

3. Synchronous altitude station-
ary orbit spin stabilized.

4, Synchronous altitude gravity
gradient-stabilized.

5. Synchronous altitude gravity
gradient-stabilized.

SYNCHRONOUS ALTITUDE SPIN
STABILIZED SATELLITE

The synchronous altitude spin
stabilized satellite will be launched
into a 22,300-mile equatorial sta-
tionary orbit over South America
and allowed to drift to a Pacific
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SYNCHRONOUS ALTITUDE SPIN-STABILIZED SPACECRAFT

SPINNING SPACECRAFT - Cutaway view shows systems and experiments to be carried by the
spin-stabilized synchronous altitude Applications Technology Satellite. A major experiment
is the evaluation of the Hughes Aircraft Company’s phased-array transmitting antenna on top
of the spacecraft. Two such vehicles will be built by Hughes in the ATS program, along with

three others of different configurations, for NASA's Goddard Space Flight Center.

location. It will carry a hydrogen
peroxide jet system to provide at-
titude and orbital control for three
years. The spacecraft will weigh
approximately 1600 pounds at launch
and 775 pounds in orbit,

Payload

The first spin stabilized space-
craft will carry the following ex-
periments:

1. Phased array antenna, A 16-
element array antenna properly
phased (electronically despun) so
that a pencil beam is generated.

28 Environmental measure-
ments. Measures solar radiation
damage, magnetic fields, high and
low energy particle detection.

3. VHF repeater., Provides voice
and teletype communications cap-'
ability at VHF using anelectronical-
ly despun antenna system.

4, Nutation sensor, Evaluates
spacecraft nutation stability to de-
termine suitability of the space-
craft as a stable platform for mete-
orological applications.

5. Ion engine, Evaluates ion en-
gine “performance by measuring
spin-speed changes for future sta-
tion-keeping application to synchro-
nous gravity gradient-stabilized ve-
hicles.

6. Spin-scan cloud camera. The
camera is designed for operation
in a synchronous, equatorial, spin-
stabilized satellite to make use of
satellite spin to provide line scan.
This experiment will evaluate this
technique.

The second spin stabilized
spacecraft will carry the following
experiments:

1. Mechanically despun antenna,
Provides a microwave communica-
tions antenna of high gain that con-
tinuously points at earth on a spin-
ning vehicle by de-spinning through
a mechanical phase-locked drive.

2. Jon engine,

3. Other experiments to be as-
signed later,

Control Systems

Five-pound thrust hydrogen per-
oxide system to get on station.

Five-pound thrust hydrogen per-
oxide system for stationkeeping.
Electrical Power

Solar cell array:

23,870 N on P silicon cells
with ultraviolet filter cover
glass.

187 watts maximum power.
Rated voltage 26.9 volts.,




Maximum current 6.9 amps,

Batteries:

Two 22-cell nickel cadmium
6 amp/hour batteries.
Battery charge voltage 32.7
volts.
Telemetry
Four 2-watt transmitters,
Two encoders.
Command

Two receivers at approximately

150 mc.

Two dual-mode decoders,
Communications

Two triple-mode repeaters (fre-
quency translation mode, multiple
access mode, on-board wideband
data mode).

4-watt traveling-wave tube pow-
er amplifier,

Receiving antenna: 8 db phased
array antenna. (18 db mechanically
despun on second spacecraft),

Transmitting antenna: 18 db
phased array. (18 db mechanically
despun on second spacecraft).

MEDIUM ALTITUDE GRAVITY
GRADIENT SATELLITE

The medium altitude gravity gra-
dient satellite, the second ATS ve-
hicle to be launched will be placed
in a 6,000-mile orbit at an orbit
inclination of approximately 28.6
degrees. It will have the lightest
launch weight of the three ATS ve-
hicles since it does not require an
apogee boost motor, hydrogen per-
oxide control system or spinup and
despinning system. It will weigh
700 pounds at launch and in orbit,
Payload

The satellite will
following experiments.

1. Gravity gradient stabilization
and instrumentation experiment,
This experiment will assess and
analyze a pgssive stabilization sys-
tem, utilizing the earth’s gravita-
tional field at medium altitude,

2,  Environmental measure-
ments. Measures radiation damage
and particle detection,

3. Meteorological experiment,
Provides high and low resolution
cameras to scanearth’s cloud cover,
Control System

5 x 10-4 pound thrust subliming
solid rocket system for inversion,
Electrical Power

Solar cell array:

22,080 N on P silicon cells
with ultraviolet filter cover

carry the
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SYNCHRONOUS ALTITUDE GRAVITY - GRADIENT SPACECRAFT

SPACE ‘BALANCER’ - A new concept of stabilizing a satellite, so that it maintains a fixed
attitude and always keeps one face toward the earth, will be one of the chief experiments on the
synchronous-altitude gravity-gradient spacecraft of the Applications Technology Satellite pro-
gram. Two of the vehicles will be built for NASA’s Goddard Space Flight Center by Hughes Air-
craft Company, along with three other types of ATS satellites. Booms with weights on the ends
will extend some 130 feet out from the spacecraft for the gravity-gradient experiment.

glass,

Net power 135 watts.

Rated voltage 28.3.

Net current 4,75 amps.
Batteries:

Two 22-cell nickel cadmium

6 amp/hour batteries.

Battery charge voltage 32.7

volts,

Telemetry
Four 2-watt transmitters,
Two encoders.

Command
Two receivers at approximate-
ly 150 mc.
Two dual mode decoders.

Communications

Two triple mode repeaters (fre-
quency translation mode, multiple
access mode, onboard wideband data
mode).

4-watt traveling-wave
power amplifier,

18 db receiving horn antenna.

18 db transmitting horn antenna,

tube

SYNCHRONOUS ALTITUDE GRAVITY
GRADIENT SPACECRAFT

The synchronous altitude gravity
gradient satellite is similar to the
medium altitude spacecraft except
that it incorporates necessary addi-
tional control systems. Thesearean
apogee boost rocket motor which
injects the satellite into a 22,300-
mile synchronous orbit, a cold gas
nitrogen system for spinup of the
satellite, a hydrogen peroxide sys-
tem for placing the spacecraft on
station, a despinning system to step
the satellite’s spin once it is on
Station, and a low thrust subliming
rocket for inversion and station-
keeping,

The vehicle will weigh 1625
pounds at launch and 670 pounds in
orbit, the large reduction in weight
being due to the burning of the apogee
motor fuel and the ejection of the
motor case after burnout, After the
spacecraft reaches near-synchro-
nous altitude, it will be positioned
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ATS-A EXPERIMENTS

® COMMUNICATIONS

HUGHES AIRCRAFT COMPANY

MICROWAVE MULTIPLE ACCESS - 55B/PM

MICROWAVE WIDE BAND - FM/FM

@ GRAVITY GRADIENT

» METEORGLOGICAL TV

> [HERMAL COATING DEGRADAT:ON
©SOLAR CELL DEGRADATION
5COSMIC RADIO NOISE
@ ELLCTRIC FIELDS

@ YLF POWER SPECTRUM
® PARTICLE MEASUREMENTS

GENERAL ELECTRIC COMPANY
RCA

GSFC

GSFC

GSFC

GSFC

BTL

U. MINN, - UCSD - BTL

ATS-B EXPERIMENTS

@ COMMUNICATIONS

HUGHES AIRCRAFT COMPANY

MICROWAVE MULTIPLE ACCESS - SSB/PM

MICROWAVE WIDE BAND - FM/FM

ELECTRONICALLY DESPUN ANTENNA

@ VHF TRANSPONDER - FM/FM

® METEOROLOGICAL TV

2 NUTATION SCNSOR

2 |ON ENGINE THRUSTER

& MAGNETIC FIELD MEASUREMENTS
9 THERMAL COATING DEGRADATION
® SOLAR CELL DEGRADATION

@ PARTICLE MEASUREMENTS

HUGHES AIRCRAFT COMPANY
UNIVERSITY OF WISCONSIN
GEOPHYSICS CORPORATION OF AMERICA

LEWIS RESEARCH CENTER

UNIVERSITY OF CALIFORNIA
GSFC

GSFC

RICE UNIV. - TRW - UNIV. OF MINN, -
BTL - AEROSPACE

® ELECTRON CONTENT OF 10NOSPHERE &

MAGNETOSPHERE

STANFORD UNIVERSITY

ATS-B

VHF EXPERIMENTS

© COMMERCIAL AIRLINES

® FEDERAL AVIATION AGENCY

® U. S. AIR FORCE

® U. S. WEATHER BUREAU

® STANFORD UNIVERSITY

® GSFC

OMSF

AIR-GROUND COMMUNICATIONS

AIR-GROUND COMMUNICATIONS & RANGING

YET TO BE DETERMINED

COLLECTION & DISTRIBUTION OF
METEOROLOGICAL DATA

PROPAGATION, ELECTRON DENSITY

COMMUNICATIONS, RANGE & RANGE RATE,
PROPAGATION

APOLLO AIRCRAFT COMMUNICATIONS

—

in longitude, its orbit made syn-
chronous and it will be despun,
The damper and gravity gradient
booms will then be extended and
the satellite will maintain station
(except for inclination buildup) for
a minimum of three years,

Payload

The spacecraft will carry the
following experiments,

1. Gravity gradient stabilization
and  instrumentation. Provides and
2valuates a passive stabilization
system for utilizing the earth’s
gravitational field at synchronous
altitude.

2. Meteorological, Provides
zoom lens cameras to scan earth’s
cloud cover from synchronous al-
titude.

3. Environmental measure-
ments, Measures radiation damage
and particle detection,

4. lon engine, Provides low thrust
propulsion for stationkeeping.
Control Systems

S-pound thrust hydrogen per-
oxide system for initial orientation
and stationkeeping,

5.4 x 10-4 pound thrust sub-
liming solid state system for in-
version. A 1 x 10-5 pound thrust
subliming solid system for east-
west stationkeeping,

Electrical Power

Solar cell array:

22,080 N on P silicon cells
with ultraviolet filter cover
glass,

Net power 135 watts.,

Net current 4,75 amps.

Batteries:

Two 22-cell nickel cadmium 5
amp/hour batteries,
Battery charge voltage 32.7
volts.
Telemetry
Four 2-watt transmitters,
Two encoders,
Command

Two cross-strapped receivers

at approximately 150 mc.

Two dual-mode decoders,
Communications

Two triple-mode repeaters (fre-
quency translation mode, multiple
access mode, onboard wideband data
mode).

4-watt traveling-wave tube pow-
2r amplifier,

18 db receiving planar array
intenna,

18 db planar array transmitting
atenna,




ISIS-X

A second Canadian Alouette sat-
ellite and another United
States  Explorer satellite were
scheduled for launch together no
earlier than Nov, 23 as a joint pro-

Canadian Defence Research Board.

The Canadian-built Alouette II
and NASA’s Direct Measurements
Explorer  (DME-A) were to be
launched by a Thor-Agena B from

ject of the National Aeronautics the Western Test Range in Califor-
and Space Administration and the mnia. The two satellites will make
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related studies of the Earth’s ionos-
phere as they orbit in close prox-
imity.

The double launch project, known
as ISIS-X, is the first in a new
cooperative NASA-DRB program for
International Satellites for Ionos-
pheric Studies (ISIS). Up to four
Canadian-built spacecraft are in-
volved in the ISIS program.

Canada’s Alouette 1, launched by
a Thor-Agena from the California
range Sept. 29, 1962 in a joint
NASA-DRB project, still is operat-
ing and providing valuable data.

The new Canadian spacecraft is
similar in design and purpose to
Alouette 1 but has been substantial-
ly modified and carries improved
experiments. It will have a dif-
ferent type of orbit than Alouettel,

The initial Alouette carried out
the first topside sounding survey
of the ionosphere around the Earth.
The survey showed the ionosphere
to be far more dynamic and com-
plicated than realized.

The ionosphere is a fluctuating
ionized region of the upper atmos-
phere extending from about 35 miles
above the Earthto thousands of miles
into space. A major feature of the
ionosphere is the number of free
electrons present in it, These free
electrons play a vital role in long-
range radio communications,

The composition of the ionos-
phere varies markedly with time,
altitude and latitude and it is the pur-
pose of Alouette II and the DME-A
during their lifetimes to measure
many of these varying quantities be-
tween their orbital high points and
low points - about 270to 1620 miles.

The plane of the orbits will be
inclined about 80 degrees to the
Equator, bringing the satellites over
the upper regions of the ionosphere
above Canada’s high latitudes, an
area of particular interest to Ca-
nadian scientists,

The Alouette II was designed and
built - by DRB’s Defence Research
Telecommunications Establish-
ment,

The DME-A was designed and
built for the NASA Coddard Space
Flight Center, Greenbelt, Md., by
the Applied Physics [ aboratory of
John Hopkins University, Howard
County, Md. This United Kingdom
experiment will be carried on DME -
A. APL also is responsible for final
testing of the Alouette spacecraft,
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Alouette-B Spacecraft (Cutaway View)

In line with the overall aims of
the ISIS program to conduct simul-
taneous in-flight measurements of
most of the important ionosphere
phenomena, NASA proposed that a
direct measurement satellite, DME-
A, be launched at the same time
into the same orbit, ;

Scientists of DRB supported this
opportunity to obtain further infor-
mation earlier in the ISIS program
than would otherwise have been
possible.

The eight experiments on DME -
A will be correlated with the five
experiments on Alouette II,

The induced voltage effects of
the long antenna on Alouette II,
for instance, will be observed in
detail by comparing [angmuier
probe data from Alouette II with
that from DME-A which will be
orbiting nearby.

For these reasons, it is planned
that the two spacecraft will remain
within 1,000 miles of each other
for the first month they are in
orbit,

Because both ionospheric tem-
peratures and composition vary with
height in a complex manner, ISIS-X
iments are designedto explore
variations from near the peak
of the most dense layer of the ionos-
phere up to apogee, the high point
f the orbits,

Through this region of the ionos-
cre, temperatures of electrons
from 800 to 4000 degrees

¢ absolute zero, but the tem-
ture of ions is often different,

usually less than that of electrons.
The neutral gas is usually cooler
than the temperature of electrons
and ions in this part of the ionos-
phere.

The ion composition varies from
almost pure atomic oxygen near
perigee (270 miles) to helium or
atomic hydrogen or a mixture of
both at apogee (1620 miles).

The ISIS-X experiments are de-
signed to measure most of these
quantities, sometimes by more than
one method, as the two spacecraft
move up and down through the re-
gion,

The Canadian scientists respon-
sible for the Alouette project are
concerned primarily with the upper
regions of the ionosphere above
Canada’s high latitudes.

Some of the radiation directed
from the Sun towards the Earth
is absorbed in the ionosphere which
extends upward from approximately
35 miles above the Earth. During
this absorption process, neutral air
particles split into electrically
charged ions and electrons. They
create, in effect, an electrical con-
ductor with the ability to reflect
radio waves.,

When the ionosphere becomes
disturbed following solar storms
or other phenomena associated with
the Sun, its reflecting properties
are affected. Consequently, radio
communications are disrupted,
sometimes for lengthy periods.

Hence, the deep interest of sci-
entists in studying the upper at-

mosphere in order to find methods
of overcoming the effects of ionos-
pheric disturbances.

An unusual feature of the polar
and subpolar ionosphere stems from
seasonal variations of the polar at-
mosphere’s sunlight - - continuous
daylight during summer and con-
tinuous night during the winter. A
second feature of the ionosphere at
high latitudes involves effects on
ionization created by charged solar
particles.

The high-latitude ionosphere ex-
hibits a wide variety of disturbed
conditions, It resembles that in the
temperate zones only during quiet
conditions and then only on rare
occasions.

Perhaps the worst ionospheric
condition, from the standpoint of
communications, is the so-called
‘‘polar blackout’’. During such oc-
currences, reflections cannot be ob-
tained from the ionosphere by most
ground-based ionosphere recorders
(called ionosondes).

Consequently, the ionograms (or
records of electron density versus
height) are sometimes completely
blank. Rocket flights and other ex-
periments have shown that these po-
lar blackouts result from an ab-
normal increase in low-lying ioni-
zation caused by solar particles,

The effect on communications is
a complete cessation of radio sky-
wave transmissions at  high
frequencies due to absorption in the
D-region of the ionosphere.

Sudden ionospheric disturbances
(SIDs) also cause loss of communi-
cations, producing abrupt and sim-
ultaneous radio fadeout throughout
the hemisphere which may last from
10 minutes to an hour.

Polar blackouts, however, are
more gradual in their beginning and
recovery and last for substantially
longer periods - - sometimes con-
tinuously during the daylight hours
for several consecutive days.

The ‘‘ionospheric storm’’ is an-
other type of disturbance intensified
in the auroral zones, It is charac--
terized by a general instability of
ionospheric conditions, a decrease
in the maximum density of ionization
and an increase in absorption. The
maximum usable frequencies are
much lower thannormal during these
periods andthe restricted communi-
cation spectrum is subject to rapid
fluctuations in signal intensity.




The topside sounder technique
is the only one known that can pro-
vide worldwide electron-density
profiles above the height of maxi-
mum electron density of the ionos-
phere.

Such soundings permit the inves-
tigation of the physical properties of
the ionosphere as a function of time
and geographical location, The plan-
ned ISIS-X orbital inclination of 80
degrees will provide data on the
little-known and very complex high-
latitude regions (polar and auroral
zones).

The profiles obtained in the e-
quatorial regions are of interest
because the magnetic field at the
equator is nearly horizontal and
vertical diffusion of the charged
particles is significantly inhibited,

In addition to its scientific value,
the increased knowledge of the i-
onosphere is directly applicable to
communications and tracking appli-
cations. The importance of the i-
onosphere to terrestrial radio com-
munication is well known., Predic-
tions of ionospheric storms and dis-
turbances are often unsatisfactory
because theyare based on inadequate
information. A better knowledge of
the entire ionosphere mechanism
should lead to more precise fore-
casts.

The prediction of maximum us-
able radio frequencies for communi-
cations purposes is based upon ob-
servations from ground-based i-
onospheric stations (ionosondes).

This information was considered
of sufficient importance to justify
the establishment of about 150
ground-based ionospheric sounding
stations throughout the world, How-
ever, this number of stations is not
sufficient for accurate worldwide
mapping of the bottom-side ionos-
phere.

Two of the most important ob-
Servations obtained by these stations
are the height and density of maxi-
mum ionization in the ionosphere. In
principle, several topside sounder
satellites should provide this in-
formation synoptically and with
better geographical coverage,

The Alouette Il spacecraft weighs
320 pounds and is nearly oval in
shape, 42 inches in diameter and 34
inches high,

The surface is covered with pan-
els of solar cells. The 6,480 n-on-p

solar cells convert solar energy to -

electrical power and charge the
nickel-cadmium storage batteries,

Two sets of long dipole antennas
extend from the main portion of the
spacecraft for use in the topside
sounding of the ionosphere, One set
measures 75 feet from tip to tip.
The other is 240 feet, tip to tip,
when extended.

A four-antenna array (Whip type)
is used for telemetry and command
functions and a single whip antenna
extends from the spacecraft top for
the radio beacon aboard,

Two short electron probe rods
extend from the base of the space-
craft,

Alouette 11 will repeat its pred-
ecessor’s four experiments over
a wider range of heights and dur-
ing a period of increasing solar
activity. The experiments are:

1. Sounding the topside of the
ionosphere (the primary experi-
ment); that is, making rapid and
detailed measurements of the elec-
tron density from satellite heights
down to the densest portion of the
ionosphere (about 190 miles alti-
tude).

2. Measuring galactic and solar
radio noise, .

3. Investigating ““‘whistlers”’
(upper atmosphere very low fre-
quency radio signals) initiated by
lightning and other radio noises in
the audible range.

4. Detecting energetic particles
(protons, electrons and alpha par-
ticles).

In addition, as a new experi-
ment, [angmuir probes on both
Alouette II and DME-A will measure
electron densities and temperatures
near the two spacecraft, This fifth
experiment will also measure plas-
ma phenomena (a ‘‘halo’’ of positive
ions) that occur around the satellite
as a result of employing unusually
long extendable antennas on the Al-
ouette spacecraft,

A conductor, such as a long me-
tallic antenna moving in a magnetic
field (in orbit about Earth), induces
a voltage along the antenna, This
is likely to effect some of the ex-
periments carried inthe Spacecraft,
particularly when the latter is fit-
ted with very long antennas such as
Alouette II's 240-foot dipole.

By comparing the readings from
the [ angmuir probes on both space-
craft, one with and one without long
antennaes, it is hoped to provide

a better assessment of the voltage
effect.

The instrumentation designed for
the Alouette topside sounder is a
miniaturized version of a conven-
tional ground-based sounder or i-
onosonde, A swept-frequency sys-
tem is used in contrast to the fixed-
frequency system employed in the
U.S. Explorer XX launched August
25, 1964,

The sounder will transmit and
receive pulsed radio frequency sig-
nals and the carrier frequency will
be swept periodically over the fre-
quency range from 0.2 to 13.15
megacycles. The time-delay versus
sounding-frequency information will
be transmitted to the ground stations
via telemetry and will be recorded
on 1/2-inch magnetic tape. lono-
grams will be produced through sub-
Sequent playback and decoding of the
tape at DRTE’s central data pro-
cessing facility.

As the DRB’s second experiment,
measurements of cosmic radio noise .
will be made at the satellite,

For this purpose, the background
noise across the frequency band 0.2
to 13.5 megacycles will be meas-
ured. A signal derived from the
swept-frequency ionospheric re-
ceiver automatic gain control cir-
cuit will be transmitted via the two
watt telemetry system. Solar noise
storms and the variation of radio

Artist’s Conception of Final Configuration
of the DME-A Spacecraft
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listen in the very low
(VLF) radio spectrum
to 30 kilocycles per second).
y low frequency receiver with
bandpass of cycles per second
30 kilocycles per second has been
included in the spacecraft instru-
mentation.

The input to the receiver is per-
manently connected with the 240-
dipole antenna by means of a
low-pass filter. The output, normal-
ly open, can be connected by means
of the command system to the four-
watt telemetry system, This signal
will sometimes be added to that
from the ionospheric sounder’s re-
ceiver and recorded with it at the
ground telemetry stations. Subse-
quently, filters will be used to sep-
arate the very low frequency in-
formation from that of the sounder.

Particle detectors in the sounder
payload will measure one of the
causative agents of ionization in
the polar ionosphere at the same
time and place as their effects.
This experiment will measure pri-
mary cosmic ray particles outside
the Earth’s atmosphere, including
the electrons, protons and alpha
particles.

The polar orbit permits meas-
urement of changes in particle flux
aused by the Earth’s magnetic field.
se measurements are particu-
larly valuable for auroral studies
and in investigating the precipita-
1 of particles (corpuscular bom-
iment) from the Van Allen belts

quency

gy above 3,000 electron
-olts and protons with energy above
=0.,000 electron volts. Alpha and
y ticles with energies up
billion electron volts
easured. The detec-
r to those carried

Y&

-imary objective of the
wir probe experiment

1ts of the ionos-
mediate vicinity of

= uncertainty of the

as, most

nt experi-

ments are placed in DME-A. One
type of experiment however, the
Langmuir probe, is carried on both
satellites to assist in resolving
this doubt,

The Direct Measurements EXx-
plorer (DME-A) spacecraft is an
octagon weighing 215 pounds. It
measures 30 inches across the top
and is 25 inches high., A spherical
ion mass spectrometer protrudes
21 inches above the top surface,
making the total height 46 inches.

The spacecraft consists of two
parts: an inner assembly where
electronic components and other in-
strumentation is mounted; and an
outer shell on which solar cells, a
single-element antenna, and sensors
are located,

Solar cells cover about 15 per
cent of the spacecraft’s surface, The
glass-covered n-on-p solar cells
charge nickel-cadmium batteries.

The eight experiments, the
transmitter and some of the
telemetry will receive power from
a main converter. The command
system has separate converters,
one powered from the solar cell
charge nickel-cadmium batteries.

The eight experiments, the
transmitter and some of the tele-
metry will receive power from a
main converter. The command sys-
tem has separate converters, one
powered from the solar cell array
for use when the satellite is in
the sunlight, the other from the
battery for use when inthedark.

All data acquisition is in real
time and on command only. About
two hours of data transmission each
day areanticipated. Programtimers
automatically shut off a transmis-
sion 8.3 minutes after a command
is executed,

The primary telemetry system
is pulse code modulated (PCM), how-
ever, there is an alternate pulse
amplitude modulation-frequency
modulated (PAM/FM)mode of oper-
ation for acquiring housekeeping
data only.

There is also a capability for
operating experiments in two dif-
ferent modes, one with all experi-
ments working simultaneously, the
other with certain experiments in
operation sequentially.

The telemetry transmitter, while
transmitting data, will normally be
used for tracking.

Primarily, the DME-A will

measure, directly, density of ions
and electrons encountered during its
orbit, and their temperatures, com-
position of ions, and corpuscular ra-
diation., These data will lead to a
better knowledge of the physical
causes of the phenomena being ex-
amined by Alouette II, nearby in
a nearly identical orbit.

Another objective is to analyze
sheath perturbations which may
affect direct measurement experi-
ments because of the long antenna
on Alouette., Both satellites carry
identical electrostatic (L.ongmuir)
probe experiments for comparative
purposes when the satellites are in
close proximity.

DME-A’s experiments are:

Thermal Ion Experiment, by J.
L. Donley of the Goddard Space
Flight Center. This experiment is
to determine the number, density,
mass and temperature of positive
ions having thermal energies.

Thermal Electron, by J. L. Don-
ley of the Goddard Space Flight
Center, This experiment is to meas-
ure the number, density and tem-
perature of electrons having thermal
energies, It will also measure the
spacecraft potential,

Electrostatic (Longmuir) Probe,
by L. H, Brace of Goddard, to
measure electron temperature and
density.

Electron Temperature, by A, P.
Willmore, University College, I on-
don, to determine the energy dis-
tribution function of ionospheric e-
lectrons,

Spherical Ion Mass Spectrometer
Experiment, by A, P. Willmore,
University College, London, to de-
termine the distribution function of
positive ions.

High-Resolution Magnetic Ion
Mass Spectrometer, by J, H. Hoff-
man, U,S. Naval Research [ abora-
tory, to measure the abundance of
positive ions in the mass spectrum
from 1 to 20 AMU.

Energetic Electron Current
Monitor, by J. L. Donley, Goddard,
to measure the total flux of electrons
in the range 107 to 1010/Cm2
sec with energy discrimination up
to 5000 ev.

Energetic | Blectron: ¢ @lirnent
Monitor, by E.J. R. Maier, Goddard,
to measure the total flux of electrons
in the range 102 to 107/cm2
sec with energy discrimination up
to 2000 ev.




SATELLITE REPORT

OBJECTS ORBITED SINCE AUGUST 15, 1965

1965 67A 1513 us 17 AUG 90.3 70.04 389 179
1965 68A GT:5 1516 us 91 AUG .- .- ... il 29 AUG 65
1965 68C 1518 us 21 AUG 27 AUG 65
1965 68D 1519 us 21 AUG 26 AUG 65
1965 69A COSMOS 79 1523 USSR 25 AUG 89.7 64.93 337 187
1965 69C 1525 USSR 25 AUG - e e “-- - - 26 AUG 65
1965 69D 1526 USSR 25 AUG - Sl <-- - - 31 AUG 65
1965 69E 1527 USSR 25 AUG .- --- --- S 31 AUG 65
‘ 1965 70A COSMOS 80 1570 USSR 3 SEP 115.0 56.06 1552 1356
1965 70B COSMOS 81 1571 USSR 3 SEP 115.3 56.07 1556 1385
1965 70C COSMOS 82 1572 USSR 3 SEP 115.7 56.06 1563 1410
1965 70D COSMOS 83 1573 USSR 3 SEP 116.1 56.05 1569 1438
1965 70E COSMOS 84 1574 USSR 3 SEP 116.4 56.07 1576 1465
1965 70F 1575 USSR 3 SEP 114.6 56.12 1512 1362
1965 71A COSMOS 85 1578 USSR 9 SEP - 17 SEP 65
1965 71B 1579 USSR 9 SEP 18 SEP 65
1965 72A 1580 us 10 SEP 101.9 98.66 1050 654
1965 72B 1581 us 10 SEP 101.6 98.72 1009 664
1965 72C 1582 us 10 SEP 102.0 98.66 1055 652
1965 72D 1583 us 10 SEP 101.9 98.65 1051 654
1965 73A COSMOS 86 1584 USSR 18 SEP 115.1 56.05 1639 1277
1965 73B COSMOS 87 1585 USSR 18 SEP 115.5 56.06 1650 1304
1965 73C COSMOS 88 1586 USSR 18 SEP 115.8 56.07 1661 1326
1965 73D COSMOS 89 1587 USSR 18 SEP 116.3 56.04 1673 1352
1965 73E COSMOS 90 1588 USSR 18 SEP 116.7 56.05 1688 1374
1965 73F 1589 USSR 18 SEP 116.8 56.06 1700 1374
1965 73G 1590 USSR 18 SEP 116.8 56.04 1716 1354
1965 73H 1591 USSR 18 SEP 115.8 56.03 1664 1324
1965 74A ’ 1602 us 22 SEP 11 OCT 65
1965 75A COSMOS 91 1603 USSR 23 SEP - .- ks Ele 1 0CT 65
1965 75B 1604 USSR 23 SEP S - Sy <alt 4 0CT 65
1965 75C 1605 USSR 23 SEP --- --- 29 SEP 65
1965 75D 1606 USSR 23 SEP .- .- S - 29 SEP 65
1965 75E 1607 USSR 23 SEP --- - - - 29 SEP 65
1965 73) 1617 USSR 18 SEP 117.5 56.15 1754 1385
1965 73K 1618 USSR 18 SEP 117.7 56.21 1768 1388
1965 76A 1609 us 30 SEP i B SO o 50CT 65
1965 76B : 1614 us 30 SEP ey 5 o 3 0CT 65
1965 77A LUNA 7 1610 USSR 40CT el G SilE G 7 OCT 65
1965 77B 1611 USSR 40CT 4 0CT 65
1965 77C 1612 USSR 4 0CT e et e 50CT 65
1965 79A 1615 us 50CT 290CT 65 4
1965 78A 1613 us 50CT 125.7 144.30 3452 414
1965 78B 1616 us 50CT 125.7 144.29 3451 411
1965 80A MOLNIYA 1[I 1621 USSR 130CT 718.9 64.93 39951 462
1965 80B 1619 USSR 130CT S TR 4 e 8 NOV 65
1965 80C 1622 USSR 13 0CT S - S5t e 22 OCT 65
1965 80D 1623 USSR 130CT 9.1 64.82 278 185
1965 81A 0GO 2 1620 us 14 0CT 104.4 87.35 1516 418
1965 81B 1625 us 14 OCT 104.3 87.36 1510 417
1965 82A 1624 us 150CT 100.0 32.29 786 727
1965 82B-82CG us 150CT
1965 83A COSMOS 92 1626 USSR 16 OCT 0 e . e 24 OCT 65
1965 83B 1627 USSR 16 OCT 2 e R 29 OCT 65
1965 83C 1628 USSR 16 OCT - .- - - S o - - - 25 OCT 65
1965 84A COSMOS 93 1629 USSR 19 oCT 91.5 48.36 450 206
1965 84B 1630 USSR 19 OCT 90.5 + 48.35 295 209
1965 84C 1631 USSR 19 0CT e Je. 8 e B 25 GCT 65
1965 84D 1632 USSR 19 OCT e 19 %egs T 26 OCT 65.
1965 85A COSMOS 94 1636 USSR 28 OCT o S £y sy ] 5 NOV 65
1965 85B 1638 USSR 28 OCT i BA e ol 3 NOV 65
1965 86A 1637 us 28 OCT 90.1 74.97 377 172
l 1965 86B 1639 us 28 OCT S S 11 o 1 NOV 65
1965 87A PROTON 2 1701 USSR 2 NOV 92.5 63.45 593 185
‘ 1965 878 1702 USSR 2 NOV 92.5 63.46 589 183
1965 87C 1703 USSR 2 NOV 91.0 63.45 369 176
1965 87D 1704 USSR 2 NOV s — s 2 el 8 NOV 65
1965 87E 1705 USSR 2 NOV - S 8 NOV 65
1965 88A COSMOS 95 1706 USSR 4 NOV 91.7 48.40 494 211
1965 88B 1787 USSR 4 NOV 91.4 48.41 430 212
1965 88C 1708 USSR 4 NOV 11 NOV 65
1965 89 A EXPLORER 29 1726 Us 6 NOV 120.3 59.36 2276 1115
1965 89B 1729 us 6 NOY 120.3 59.37 2277 1113
1965 90A 1727 us 8 NOV 11 NOV 65
1965 90B 1728 us 8 NQV =8 9 NOV 65
196591A VENERA 2 1730 USSR 12 NOV HELIOCENTRIC ORBIT
1965 91B 1731 USSR 12 NOV 88.9 51.85 233 214

27




NEW SATELLITES

To Provide Pacific Communications, Apollo Voice-Link




-

lans for a two-oceansystemof

commercial communications
satellites to link two-thirds of the
world by television and telephone and
to aid in America’s attempt of land
men on the moon moved ahead today
when the Communications Satellite
Corporation  (Comsat) awarded
Hughes Aircraft Company an $11.7
million contract to build four new
satellites.

The satellites’ functionis to pro-
vide satellite communications for
the first time in the Pacific area
and provide instant voice contact be-
tween the Apollo moon astronauts,
the Space Flight Center at Houston,
Tex., and the various ground stations
linked to the center during Apollo’s
earth-orbiting phase.

John H. Richardson, Hughes sen-
ior vice president and aerospace
group executive, said the new sat-
ellites will have three times the
transmitter power of Early Bird, the
world’s first commercial commu-
nications satellite, and will be twice
its size (56 inches in diameter and
26 inches high).

Early Bird, which also was built
for Comsat by Hughes, was launched
from Cape Kennedy last April and
has been in commercial operation
between the United States and Europe
since June. Among notable news
events televised through Early Bird
to Europe were theU.S. visit of Pope
Paul and the launching of Gemini V
with astronauts Gordon Cooper and
Charles Conrad.

The new satellites, unlike Early
Bird whose squinted antenna concen-
trated its beam between western
Europe and the U.S,, will have broad-
er antenna coverage over a wider
global area and will be ableto carry
multiple conversations among
several ground stations simultane-
ously, engineers said.

Launch of the new satellite is
scheduled for late next summer,
when the spacecraft are sent, sep-
arately, into synchronous equatorial
orbits 22,300 miles above the Atlan-
tic and Pacific Oceans.

The Atlantic satellite will be
placed inspace above the Ivory Coast

NEW SPACE VOICE - Artist’s sketch depicts
the new communications satellite being built
for the Communications Satellite Corporation
by Hughes Aircraft Company to provide the
first commercial trans-Pacific communications
by satellite and for use in the Apollo manned
lunar program.

of western Africa and the Pacific
satellite will be positioned near the
International Dateline inthe Pacific.

The global coverage of the sat-
ellites is expected to enable instant
voice contact with the Apollo moon
astronauts to be made directly from
ground terminals in contact with the
orbiting spacemen. These reports
will beflashed directly tothe Nation-
al Aeronautics and Space Adminis-
tration control center in Houston,
Texas.

Satellite communications with
the astronauts will be continuous via
ships and ground stations deployed
around the world.

An advanced satellite antenna
design developed by Hughes will per-
mit direct contact with several
ground stations simultaneously and
provide for greater commercial use
without any degradation of loss of
power in the transmitted signals,
officials said.

The new Comsat satellite is a
spin-stabilized synchronous com-
munications satellite larger and
heavier and with greater communi-
cations capacity than its predeces-
sor, Early Bird, which was design-
ed and built for the Communications
Satellite Corporation by Hughes Air-
craft Company.

The satellite will be 56 inches in
diameter and 26 1/2 inches inheight,
exclusive of antennas and apogee
motor nozzle. It will provide com-
munication capability which will
consist of multiple-access high-
quality voice and digital data, tele-
vision, or a combinationof both.

Spacecraft design is basedonthe
Early Bird communications satellite
which was successfully launched by
the Communications Satellite Cor-
poration April 6, 1965, and is now
in commercial operation between the
United States and Western Europe.

Weight of the new spacecraft will
be 345 pounds at launch. The outer
surface of the satellite will be cover-
ed with 12,756 N-on-P silicon solar
cells which will deliver 100 watts
electrical power under normal oper-
ating conditions.

The additional power is used to
add increased effective radiated
power to provide greater geographi-
cal coverage. The additional weight
is used in providing the additional
electrical power and a long life con-
trol system.

The spacecraft structure con-

sists basically of a central-stiffened
tube which directly supports the
apogee motor and communications
antennas. An aft radial bulkhead
and rib assembly will support the
majority of the payload electronics
while a forward bulkhead will pro-
vide support for lateral and radial
loads.

Both ends of the structure are
closed by thermal shields and the
shield at the antenna end also serves
as the antenna ground plane.

Four traveling-wave transmitter
tubes are provided which may be
used in any combination consistent
with the available power. The normal
communications mode of operation
throughout the satellite lifetime will
be three tubes in operation, even
during the eclipse period.

With the increased weight of the
satellite, 160 pounds in orbit, as
compared to the 85-pound Early
Bird, the hydrogen peroxide fuel
supply has been doubled.

The communications basic sys-
tem is comprised of two redundant
linear repeaters with 125 mc band-
width and 6 db noise figure and four
6-watt traveling-wave tubes of which
1, 2, 3 or 4 may beturnedon in par-
allel, The transmitting antenna is
similar to that on Early Birdexcept
that ithasabroader beamandis fix-
ed and not folding. This reduces line
losses and is a simpler, more re-
liable system.

The telemetry subsystem is also
similar to that of Early Bird and
consists of two encoders, the VHF
transmitters, and eight whip an-
tennas. The encoders modulate both
the VHF transmitters and the 4 gc
beacon signals. As in Early Bird,
both VHF transmitters can be com-
manded on or off, whereas the bea-
cons are always on and modulated
with telemetry signals.

Telemetry will be transmitted
by both 1.8 watt 136 mc trans-
mitters,

The satellite will be launched into
orbit by the improved Delta rocket to
be built by Douglas Aircraft Com-
pany. The spacecraft’s self-contain-
ed propulsion system (the Aerojet
General Pathfinder apogee motor)
supplies the velocity boost to in-
ject the satellite into synchronous
altitude. The apogee motor will im-
part a velocity of 6050 fps to the
345-pound spacecraft for injection
into the synchronous orbit,

20




RUSSIAN REPORT

By Novosti Press Agency

SIGNAL ACHIEVEMENT FOR SOVIET SCIENCE

(Space World Exclusive)

NEW DATA ON MOON’S REVERSE SIDE
Y. N. LIPSKY, Dr. Sc. (Phys.-Math)

Head of Department for Lunar and Planetary Physics of Moscow State University Sternberg Institute of Astronomy

Y early eight years have gone by

since the USSR started the
break-through into outer space by
orbiting the first man-made earth
satellite, Sputnik. Today numerous
sputniks are spinning in orbit a-
round the earth, reporting back valu-
able scientific information. Mean-
while space probes are penetrating
deeper into the solar system to yield
fresh data on its structure, We have
witnessed the breath-taking advance
of cosmonautics, from Y. A. Ga-
garin’s first space flight to the man’s
first emergence from the capsule in-
to outer space as suchafeataccom-
plished, when the Voskhod-2 crew
of P. I. Belayev and A, A. Leonov
went up.

A milestone on the trek to other
planets was the first Moon shot,
effected in 1959 by a Soviet space
rocket which deposited the pennants
with the Soviet coat of arms on our
natural satellite and which gave us
new essential scientific information
about the Moon. Subsequently more
terrestrial vehicles reached its sur-

A

face. There is no question that in

xt few years space probes will
le us to enravel more of its
1 the intrepid explorers
expect there, on this
ial object? What can
eeting in the unex-
Moon?

about it has
1borne observa-
telescopes and instru-

ments improved, more and moredi-
verse information was obtained with
their help, despite the obstacles of
400,000 kilometres separating us
from the Moon could not prevent us
from taking a measurement of its
surface temperature, We learned
that at lunar noon the equatorial
temperature swings up to between
110 and 120 degrees C above zero
while during the lunar night, it drops
to between 150 and 160 degrees C
below zero, Craters werediscover-
ed to have beds warmer than the
surrounding surface, albedo pecu-
liarities were investigated, etc.
For centuries particular heed
was paid to the topography of the
Moon’s surface, with hundreds of
thousands of details being discover-
ed through visual and photographic
observation. The most characteris-
tic formations are the annular moun-
tains, craters and vast dark de-
pressions traditionally termed seas,
though they are long known to have no
water, In contrast tothe ‘‘seas’’, the
light mountainous regions have come
to be knownas ‘‘continents,’’ To date
we have detailed large-scale charts
of that side of the Moon which is vis-
ible to us here on earth. On good
photographs taken today from the
earth, one will be able to distinguish
objects with angual dimensions of not
less than 0.4-0.6 angular seconds.
For details located in the centre of
the visible disc this corresponds on
lunar surface to dimensions of be-
tween 700 and 1,000 metres and in
other parts to dimensions of several

kilometres.

The theoretical resolving capa-
city of modern telescopes with a
five-metre mirror could enable us to
photograph details but a fraction of
this size if not for the untranquil
character ofthe earth’s atmosphere.
High altitude astronomical observa-
tories have the advantage of raising
their telescopes above the denser,
dustier and more disturbed atmos-
pheric strata, Though this somewhat
improves transparency it does not
always result in a very ‘‘quiet’”
image, For that reason photographic
observations need to be supplement-
ed by visual observation.

In contrast to the photographic
plate, the human eye is able to se-
lect the few short-lived intervals
when the atmosphere is *‘‘quiet’’
and remember distinct images ap-
pearing during these intervals of at
least a few details. However, at-
tention is concentrated on good im-
ages, ‘‘forgetting’’ the blurredones,
Meanwhile the photographic plate
““remembers’’ both the distinct and
blurred images. As a result the
overall image is less distinct. For
that reason when compiling lunar
charts both photographic and visual
observations are employed, even
though far much more time is spent
on the latter.

Space flights have enabled us to
switch to a new phase in lunar in-
vestigation,

The automatic’l una-3 moonsta-
tion sent up in October 1959 en-
abled us for the first time to obtain




information as to the structure of
that side of the Moon which is in-
visible to us here on earth,

In 1964 and 1965 the photographs
obtained by means of US Ranger
vehicles of sectors of the visible
side of the Moon had a far greater
resolving capacity than it would have
been capable of achieving here down
on the earth,

However, we still know very little
about the physical properties of the
Moon’s surface as, for example, the
structure, hardness, and chemical
composition of lunar soil. This, how-
ever, is all of tremendous impor-
tance for cosmogonic theories and
future flights to the Moon.

The application of radio astro-
nomical methods has enabled us to
obtain more important information
about the Moon. Thus, these meas-
urements warrant the assumption
that at more than one metre down
beneath the Moon’s surface the di-
urnal and nocturnal temperature re-
mains constant. It has also beendis-
covered that the fluctuation in the
thermal emission of the outer layers
does not coincide phasally with the
emission of the subsurface layers.
We have also been able, in addition,
to ascertain the mean density of
lunar matter, and obtain data on its
electromagnetic properties as well
as other valuable information,

Whereas optical and radio astro-
nomical methods of research pro-
duced diverse information of the vis-
ible side of the Moon, the peculiari-
ties of its hidden side remained ab-
solutely unknown. Scientists were
compelled to be content with purely
speculative hypotheses.

A number of astronomers, for in-
stance, advanced the supposition of
different reliefs on both sides of the
Moon caused by the difference in
their temperature regimes. During
lunar eclipses a sharp short change
in the temperature takes place only
on the side of the Moon turned to-
wards us. The surface of the hidden
side, however, is not subjected to
such sharpoverfalls of temperature.
This effect, taking place in the
course of many centuries, it would
seem, should have led to a difference
in the relief, But is this the case?

This, as well as many other hy-
potheses could have been checked
only by studying the hidden side of
the Moon. The task was to make a
global study of our satellite for which

it was necessarytoreceive informa-
tion concerning almost 20 million
square kilometres inaccessible to
researchers conducting observa-
tions from the Earth. Inour days the
opportunity appeared for realising
this task, that of sending to the Moon
an automatic interplanetary station
which would photograph the hidden
side of the Moon and using radio
television means to transmitthe re-
ceived picturesto Earth, This gigan-
tic experiment required that enor-
mous difficulties be overcome. Ex-
ceptionally intricate demands were
placed not only on the station’s ap-
paratuses but also on the trajectory
of its flight and the capacity of its
booster. :

The beginning was made in the
Soviet Union on October 7, 1959 when
the [ unik-3 photographed the hidden
side of the Moon and transmitted the
photos to Earth. The program was
drawn up in such a way that the
photographs also included the east-
ern marginal zone seen from the
Earth., At the same time part of the
hidden side of the Moon remained
unphotographed. The identification
of some 100 details with known co-
ordinates in the eastern marginal
zone on the photographs transmitted
from outer space made all the 500
objects revealed on the hidden side
correspond to a single (with the vis-
ible side) selenographic system of
coordinates. Besides this the identi-
fied formations onthe marginal zone
served as specimens for deciphering
new details,

For the first time in history TV
pictures of another celestial body
were transmitted from outer space
to Earth. The results of their study
have been published in the ‘‘Atlas
of the Hidden Side of the Moon,’’ put
out by the USSR Academy of Sci-
ences as well as in other publica-
tions.

On the basis of the first map of
the hidden side of the Moon and
other materials of the Atlas, the
first globe of the Moon was made
showing its hidden side. Transla-
tions of the Atlas and the globe have
been published in Poland, Britain,
the United States, France and in
other countries.

Photographs of the hidden side of
the Moon were not made for over
six years.

On July 18, 1965 the Zond-3 auto-
matic space station was launched

FLIGHT
TO THE

STARS

by JAMES STRONG
B.sc (Eng), AcGI, AFRAeS, FBIS

This book will almost certainly
arouse controversy. Many ar-

gue that starflight is impos-
sible: others believe that hu-
man destiny must ultimately
lie in outer space. Here is a
thorough-going, provocative
enquiry, both sober and fas-
cinating. 192 pages. Indexed.

Cloth bound $4.95
Paperback $1.95
At your bookstore, or mail check to:

HART PUBLISHING CO., INC.
74 Fifth Ave., New York, N. Y. 10011.

with the aim of studying the physics
of distant outer space, for the ad-
justment and testing of diverse on-
board systems. In particular, the
equipment on board the station for
photographing planets and for send-
ing the pictures back over great
distances of hundreds of millions of
kilometres.

After taking off from the arti-
ficial Earthsatellite orbit, the Zond-
3 station flying at a speed exceeding
the second cosmic speedto its helio-
centric orbit, within 33 hours after
this take off, passed near the Moon.
The photo-television equipment on
board was used for taking pictures
of those areas of the Moon which
have up till now remained unknown.
The photo television complex pro-
vides for the repeated transmission
of each picture with its definition
of 1,100 lines (it should be recalled
ordinary television has a definition
of 625 lines) and with a sharpness
equal to 860 elements per line.

As the TV apparatus is designed
for transmitting pictures over great
distances of an order of hundreds
of millions of kilometres, the trans-
mission of one picture takes 34
minutes.

The transmission of the photo-
graphs of the Moon has been ef-
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fected in the centimeter range of
radio-waves with the help of the
built-in narrow directivity parabolic
antenna, During the periods of com-
munication this antenna is directed
to the Earth with high accuracy by
means of the orientation system.
The regime of the transmission of
the photographs is determined by the
commands from the Earth,

The period of photographing last-
ed 1 hour 08 minutes., The photo-
graphing began from the distance of
11,600 km from the surface of the
Moon and ended after the passage of
the minimum distance (under 10,000
km). During the period of photo-
graphing the attitude of the Zond-3
station in relation to the Moon
changed by 60 degrees in longitude
and by 12 degrees in latitude,

The transmission of the obtained
photographs to the Earth began on
July 29 from the distance of
2,200,000 km from the Earth when
the angle of vision of the Earth from
the station became small enough for
the accurate direction of the sta-
tion’s antenna. In future suchtrans-
missions will be repeated from con-
siderably longer distances.

The trajectory in relation to the
Moon has been chosen in such a way
as to place the areas of the reverse
side of the Moon of major interest
to scientists within the field of
vision of photo-television cameras
when orienting them.

The selection of the distance of
the cosmic station to the surface of
the Moon is optimal since, on the
one hand, there was a possibility to
photograph a considerable part of
the Moon’s surface and onthe other,
to obtain photographs of sufficiently
large scale. As the stationproceed-
ed on its way there appeared areas
of the reverse side of the Moon not
photographed in 1959. The area of
the photographing spread as far as
up to the boundary of the illuminated
part of the Moon. The morning ter-
minator, the boundary between the
illuminated and the dark parts of
the Moon, was situated by the day
of photographing -- July 20, 1965 --
close to the boundary of the reverse
side area photographed earlier.
Thus the newlyobtained photographs
practically cover the previously un-
known part of the Moon’s surface,
Some photographs have overlapped
the areas of the part seen from the
Earth and others = - overlap the

areas of the reverse side photo-
graphed in 1959,

During the photographing the Sun
was at the zenith above the North
boundary of the crater sea called
Riccioli. Thus the known areas of
the visible part of the Moon were in
less advantageous light conditions.
They werenecessary only for identi-
fying the photographs. The majority
of the objects on the previously un-
known part of the reverse side of the
Moon were illuminated by the oblique
rays of the Sun which emphasize
more clearly the details of the re-
lief.

The Zond-3 station has photo-
graphed the so-called Orientalis
Sea - - the most characteristic
formation at the Eastern side of the
invisible hemisphere., I.ike many
other lunar seas it is oval-shaped
and to a considerable extent is bor-
dered by two ranges of mountain
ridges of the Cordilleras and Rocca
between which lie the dark patches
of the Autumn and Spring seas.
Only a small part of the Orientalis
Sea with its gulfs - - Big Rhomb
and Small Rhomb - - can be ob-
served from the Earth. Now it has
become known that the Sea of Spring
spreads beyond the boundary of the
visible part of the Moon inthe North
and that the Orientalis Sea is border-
ed by mountain ridges from all
sides.

South of Mare Orientalis aretwo
earlier unknown small seas separat-
ed by a mountain range.

What draws attentionis the simi-
larity between the areas of Mare
Orientalis and that of Mare Crisium
which is opposite it on the visible
side of the Moon. Both oval seas
are surrounded by similar mountain
ranges according to structure and
situation among which are small
ribbon-shaped seas: the Undarum,
Spumans and Serpens around the
Mare Crisium and the four above-
mentioned seas around the Mare
Orientalis, Very bright continental
regions adjoin both one and the other
sea,

With information on the surface
of both hemispheres of the Moon it
is possible to receive a picture of
the distribution of black ‘‘seas’’ and
bright ‘‘continents’’ of our satellite.
Whereas the northern half of the
Moon’s hemisphere which is turned
to the Earth is mainly occupied by
seas, the northern part of the hidden




side of the Moon is occupied by a
gigantic continent. This continent
considerably exceeds its antipode -
the southern continent of the visible
hemisphere. Incidentally, on the
continental expanses of the side
invisible from the Earth there
are vast depressions, greatly dam-
aged by super-imposed craters re-
sembling the Delandr region on the
visible side. The above mentioned
formations, with diameters ranging
from 200 to 500 km, are comparable
in size to seas, but do not have the
dark colour characteristic for the
latter and alsodiffer instructure,

A view of the reverse side ofthe
Moon strikes one with the abundance
of super-imposed craters, Thetotal
number of craters onthe hiddenside
can be characterised by the following
figures, On a territory of about five
million square kilometres covered
by only one of the pictures there
are four craters with diameters
of more than 200 kilometres, some

20 craters with diameters of 100 to
200 kilometres, 60 craters - - from
50 to 100 km, 100 craters - - from
20 to 50 and more than 400 craters
with diameters from 10 to 20 km.
The photographs show well numer-
ous typical lunar craters with cen-
tral peaks as well as craters with
bright rays,

The most interesting of the newly
discovered formations which are not
found on the lunar hemisphere vis-
ible from the Earth are numerous
chains of small craters extending for
hundreds of kilometres and branch-
ing off, apparently, from the light
continental area near the Mare Ori-
entalis as well as the earlier men-
tioned huge sea-like formations on
the continent (thalassoids),

After a thorough study of the 1959
photographs, conclusions  were
drawn concerning the asymmetry of
the Moon in relation to the plane
separating it on a visible and hidden
parts: there are relatively few seas

COMETS AND LIFE

By NISON ROZENBLYUM

on the hidden part and, onthe whole,
it is more bright and mountainous.
Incidentally, a similar asymmetry is
observed on the Earth, The Pacific
Ocean, with its deepest parts being
depressed to more than 10 km and
its average depth being more than
four kilometres, accounts for 50 per
cent of the Earth’s water surface and
is situated almost entirely in the
Western hemisphere. The density of
craters on the hidden side of the
Moon also proved to be higher, etc,
These conclusions are fully con-
firmed by the photographs taken by
the Zond-3 station.

At present the new photographs of
the hidden side of the Moon are being
studied thoroughly and a preliminary
catalogue of formations is being
drawn up.

The materials of the experiment
conducted by Zond-3 in photograph-
ing the Moon are of great scientific
importance, The hidden side of the
Moon has ceased to be a riddle.

Member, USSR Astronomical and Geodetic Society, Academy of Sciences, USSR

gowet scientist Academician

Vasily Fesenkov has come to

the conclusion that comets may have

played a big role in origin of life on
planets.

Recently, detailed studies have
been made of conditions under which
non-living matter gives rise to glo-
bules of the simplest living matter.
[ ife must inevitably arise infavour-
able conditions. On Earththese con-
ditions were available some 2,000
million years ago. An intensive
stream of energy that was pene-
trating the Earth’s atmosphere was
saturated with carbon compounds,
while the expanses of water provided
a solvent, and the young LEarth’s
crust metal compounds,

Scientists in detail traced, theo-
retically, the entire process of life
emergence from non-living nature
In reproducing these conditions in a
laboratory, the American scientist
Stanley Miller managed to obtain,
artificially, amino acids and some
other constituent parts of living pro-
tein., These experiments were re-
cently repeated with success inother

countries, and also by Soviet scien-
tists Tatyana Pavlova and Anatoly
Pasynsky. Investigations ofthe like-
ly chemical composition of the Earth
in the past have disclosed that all
the ncessary substances were avail-
able in sufficient quantities. All but
carbon and its compounds. They
were lacking,

Yet carbon is a wide-spreadele-
ment in the Universe. It is present
in sufficient amounts in some of the
stars, and in the form of simplest
compounds in interstellar space.
Recent studies have revealed that
some dust clouds of interstellar sub-
stance consist almost entirely of
pure carbon,

It is difficult to imagine, how-
ever, that this carbon and its com-
pounds could find way to the Earth,
In that respect ‘‘comets’ might
prove handy. After all, they consist
to a considerable extent of carbon
and its simplest compounds - hy-
drocarbons, carbon dioxide, cyano-
gen. The “‘supply’” of comets in the
internal parts of the solar systemis
constantly replenished from its

fringes where in the opinion of the
Dutch scientist Qort a giant ‘‘re-
servoir’’ of cometary substance ex-
ists. The orbits of comets are so
varied that their collisions with the
Earth in 1861, 1882, and 1910. True,

these collisions involved only the

giant, but highly thin ‘‘tails’’ of the
comets, This process could not e-

vidently supply the planets with suf-
ficient quantities of carbon com-
pounds.

Although comet tails are enor-
mous, and their dense cores re-
latively small, the probability of
cometary cores colliding with the
Earth is still not nil. According to
the estimates of the American sci-
entist Harold Urey, the Earth could
collide with cometary cores once in
several million years. It means that
during 2,000 to 3,000 million years
of the existence of the yet ‘‘lifeless’’
Earth this could happen several hun-
dred times, and the Earth could get
tremendous amounts of cometary
substance.

Theory was confirmed b} prac-
tice - - by the study of the so-
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called Tunguska body, which collid-
ed with the Earth on the morning
of June 30, 1908, The detailed ex-
amination of the results of this
collision and microscopic traces of

)lore than 350 years have e-

lapsed since the day when
Galileo Galilei pointed his world’s
first and still very imperfect tele-
scope at Venus and saw that it was
nothing like a shining star but a
spherical body illuminated and heat-
ed by the Sun.

Watching the passage of Venus
before the sun disk, Mikhail I.omo-
nosov, the great Russian scientist,
made a very important scientific
discovery: the planet of Venus is
surrounded by an atmosphere. This
discovery was later confirmed by
many scientists in many countries,
It also explained the homogeneous
nature of Venus’ aspect, The fact
is that the planet’s sky is overcast
everywhere by a mist and there is
misty weather prevailing every-
where on Venus, so through the
telescope we can only see an end-
less white overcast of clouds,

Since there is an atmosphere on
the planet it is necessary to deter-
mine its chemical composition. It
was not before 1932 that scientists
established that the atmosphere of
Venus is rich in carbon dioxide
which, accordingto some estimates,
makes up up to 20 per cent of the
total volume of the gaseous en-
ope. In the atmosphere of Venus
is at least 5 times as much
bon dioxide as in the terrestrial
phere, and according to some
lata even 50times as much,
vertheless making up the basic
hat atmosphere is some
whose nature has so far
=n determined authentically,
here are serious reasons to as-

"2 is nitrogen. Prof, V K.

. using the powerful spec-
nent of the Crimean as-
=.czl observatory, discovered

0S

the Tunguska body, conducted under
the general direction of Academician
Vasily Fesenkov, showed that this
body was the core of a small comet.
The Tunguska comet bumped into our
planet sideways., The core of the
comet experienced a thermal
explosion in the air, and its sub-
stance, after being converted from
solid state directly into gaseous,

MYSTERY PLANET

By PROF. N. SYTINSKAYA, D.Sc. (Phys. Math.

the presence of a very small quantity
of oxygen in the atmosphere of
Venus. The study of the spectrum
of Venus made from a high-altitude
balloon and at alpine observatories
shows that there are also water
fumes in the planet’s atmosphere,
and these are also present in neg-
ligible quantities. However, in as-
sessing such results one should al-
ways remember that when we watch
Venus from the Earth we see only
the transparent section of the at-
mosphere lying over the overcast,
whereas the atmosphere sections
below the overcast remain inacces-
sible to investigation,

One of the most important points
in studying every planet is to de-
termine what temperature it has,
To answer this question it is us-
ually necessary to measure the
beams of the heat (infrared) rays
emitted by different sections of the
celestial body. The higher the tem-
perature of a given section of the
surface, the more powerful the e-
missions. The temperature proved
to be the same both for the illumi-
nated side of Venus and for its
shade side. Moreover, it was very
low - - about 40 degrees below zero,
There is certainly nothing surpris-
ing in this, for the overcast cover-
ing Venus bars the penetration of not
only visible but also of infrared rays,
That is why the temperature deter-
mined by the method described is
that of the upper border of the over-
cast,

There is also another method of
determining temperature, and this
based on a subtle analysis of the
structure of the absorption lines
of carbon dioxide. As aresultof this
method a temperature of 120 degrees
above zero (C) was determined. Yet,

)

was scattered in the Earth’s at-
mosphere. Refractory particles in-
corporated in the core settled on
the planet’s surface,

The Tunguska disaster is a typ-
ical example of how the Earth (and
indeed all the other planets) could
be enriched with carbon and its
compounds due to collisions with
comets,

this too is the temperature of some
gas layer.

Quite unexpected results were
obtained with the help of radio as-
tronomical methods. It is common
knowledge that a heated object emits
not only heat waves but also radio
waves whose intensity likewise rises
with temperature. It was discovered
that the beam of radio waves coming
from Venus was much stronger than
could be expected at a temperature
of 40 degrees below zero (C) and
even at a temperature of 12degrees
above zero (C). How can this be ex-
plained? So far there is no final ex-
planation. Scientists make all kinds
of hypotheses, and the most reason-
able of these are the following two,

According to the first hypothesis
the powerful radio waves are being
emitted by the hard surface of the
planet. The radio waves easily pene-
trate through the mist and overcast
which are no obstacle for them,

If this hypothesis is truethenthe
surface of the planet should be very
hot - something like 300 degrees
above zero (C). Such a conclusion
is sensational, for if the planet’s
surface is so hot, then it can have
no oceans, lakes or rivers and in
general no liquid at all and, con-
sequently, no life. Inthat case Venus
should be like a hot, dry and dead
desert.

The second hypothesis boils down
to the assertion that the strong radio
emissions from Venus have nothing
in common with the surface of the
planet but are generated inthe upper
ionised layers of the atmosphere,
However, an intensity of radio e-
mission such as the one coming from
Venus can be produced, as calcula-
tions show, only by an ionosphere in
which the density of electrons is




something like 1,000 million par-
ticles per cu. cm. And that is 1,000
times as much as the average elec-
tron density of the ionosphere of the
Earth; it is rather hard to explain
how an ionosphere of such density
could appear.

Which one of these hypotheses
is the closest to the truth? To give
an answer to this question it is ne-
cessary to make more investiga-
tions, and the most prospective
method in this case is certainly of-
fered by astronautics, It is common
knowledge that the first space flight

Released Materials On World’s First

aterials on the world’s first

space flight on board the
““Voskhod-2’’ spaceship with man’s
emergence into outer space have
been submitted to the International
Astronautical Commission of the In-
ternational Aeronautical Federation
(FAI) for certification as world
space flight records.

Valery Iutsky, as APN science
correspondent, asked Ivan Borisen-
ko, secretary of the Commission on
Astronautics’ Sports and Technical
Problems, USSR  Aeronautical
Sports Federation, to answer some
questions relating to the record
flight of ‘‘Voskhod-2’’ and released
materials on in the world’s first
emergence of man into free space.,

Question: What did the space ve-
hicle ¢“‘Voskhod-2’’ consist of?

Answer: According to the ma-
terials submitted to the FAI, it con-
sisted of a multi-stage carrier rock-
et and a spaceshipsatellite, The lat-
ter had a cabin with hatches and
portholes, accommodating the space
crew and equipment; an instrumen-
tation compartment with control and
communication facilities; a system
securing the cosmonaut’s emer-
gence into free space; a brake motor;
a reserve brake motor; and a land-
ing system,

Question: What can be saidabout
the motors on board ¢‘Voskhod-2’’?

Answer: There were 7 liquid mo-
tors on board the spaceship with a
total thrust of 650,000 kilograms,

Question: What was the payload?

towards Venus was realised by the
Soviet Union in 1961. Subsequently
similar launchings were made by
the United States. For instance, the
space research station Mariner-2
launched by the USA in 1962 seems
to have confirmed the ‘‘hot surface’’
hypothesis.

There is also an interesting hy-
pothesis about the structure of the
atmosphere of Venus. This hypo-
thesis was made by Irish astronomer
Epik, who assumes that there are
strong winds blowing all the time and
hurricanes and storms raging inthe

THE MAN IN FREE SPACE

layer of the atmosphere close tothe
planet’s surface, This layer is full
of thick dust raised from the dry
surface of Venus. The strong fric-
tion caused by the atmospheric cur-
rents is actually the source of the
high temperature registered by ra-
dio astronomic observations.
Despite the substantial suc-
cesses in the science about Venus
its nature still remains a mystery to
us. Let us hope that the flight of the
Soviet automatic interplanetary sta-
tion Venera-2 will help to unravel
many mysteries of that planet.

Space Flight With Man's Emergence Into Free Space On Board ‘“Voskhod-2"" Spaceship

Answer: 5,682 kilograms. The
payload was the spaceship satellite
with space pilots Pavel Belyaev and
Aleksei Ieonov in space suits, put
into orbit around the Earth. The
weight of the last stage of the carriex
rocket is, of course, not included
in the payload.

Question: What were the range
and total duration of the flight?

Answer: The range of the flight
with the space crew on board ‘‘Vosk-
hod-2"" was 717,262.01 kilometers,
and total duration - 26 hours 02
minutes 17 seconds.

Question: What was the maximum
height of the spaceship’s flight?

Answer: 497.7 kilometers, inthe
first turn. It is worth noting that
so far not a single spaceship in the
world with a space crew on board
has ever soared to such aheight,

Question: How much time did
space pilot Aleksei [ eonov spend
outside the spaceship cabin in outer
space?

Answer: 23 minutes 41 seconds.
This historic event took place inthe
flight’s second turn on March 18,
1965.

Question: How far did Aleksei
Leonov move off from the spaceship?

Answer: In the process of free
floating in outer space cosmonaut
Aleksei I eonov moved off from the
spaceship lock chamber to the full
length of the life line, vix. 5 metres
35 centimeters. During the space
walk, one end of the life line was at-
tached to the cosmonaut’s space
suit and the other to the edge of the

lock chamber. As is known, during
the entire period of free floating in
outer space cosmonaut Alekseil eo-
nov felt fine. Throughout the flight
neither of the cosmonauts showed, on
the whole, any departure from the
norm in the condition of the breath-
ing system, blood circulation, veti-
bular apparatus or central nervous
system,

Question: What main conclusions
can be drawn from the world’s
emergence of man into free space?

Answer: They were formulated
by cosmonaut Aleksei I_eonov him-
self in his report on the flight of
‘“Voskhod-2’’ spaceship, submitted
to the International Astronautical
Commission: man’s emergence into
free spaceis quite possible and there
is nothing mysterious about it any
more; a man dressed in space suit
with a special autonomous life sup-
port system can not merely exist
in outer space, but also perform pur-
posive and coordinated operations;
in outer space one may engage in
physical work and make scientific
observations,

Question: Until the flight of
‘Voskhod-2"’ and A leksei I eonov’s
emergence into free space,the FAI’s
Code contained no provisions on the
certification of spaceflight records,
What has been done inthis respect?

Answer: The FAI’s International
Astronautical Commission has re-
cently adopted the suggestion made
by the USSR on the certification of
space records related to man’s e-
mergence into outer space, A special
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s been included in the Code.
'Eae space flight of the
i-2"’ spaceship with man’s
ce into free space is the
\\ORLD RECORD in the

th of cosmonaut’s stay outside
the spaceship while dressed in a
space suit with an autonomous life
support system. The same flight
brought another record in the max-
imum height attained by a manned
space vehicle,

The flight of ‘‘Voskhod-2’’ and
Soviet space pilot Aleksei I eonov’s
emergence into free state were fol-
lowed by the flight of ‘‘Gemini-4”’
spacecraft launched in the USA on
June 3, 1965 with spacemen James
MacDivitt and Edward White on
board. During the flight, on June 4,
1965, spaceman White performed an
experiment in emergence into outer
space, as had already been done by
Alexei [_eonov.

The American spacemen are
likewise the holders of a space re-
cord. But in the FAI’s table of world
records the name of a Soviet citi-
zen Alekseil eonov will stand first.

Question: When the world space
flight records are going to be certi-
fied?

Answer: This must take place in
January 1966 at the next meeting
of the FAI’s International Astronau-
tical Commission,

A HUNDRED AND TWENTY DAYS IN SEALED CHAMBER

n experiment with the purpose

of studying the conditions of
man’s prolonged stay in a space
which is cut off from the outside
world - - in a sealed chamber - -
was recently performed inthe Soviet
Union. There were five men taking
part in the experiment which was
conducted in the course of 120days.
The results obtained are quite im-
portant for future long space flights,
Doctor Lev Iseev who participated
in the experiment shares his ex-
perience during these tests.

Lev Iseev was born in 1935. He
is married and has a two-year old
daughter. After graduating an in-
stitute, he worked as practising
surgeon and then went in for re-
search into the physiology of breath-
ing. He has written his thesis for the
scientific degree of Dr.of Medicine,

Our experiment did not pursue
the aim of studying the effects of
‘‘isolation’’ in the strict sense of the
word as, for instance, the later ex-
periment with B. Breen (The USA,
1963) did. One can see that from the
fact that there were four more volun-
teers inthe sealed chamber together
vith me. We had at our disposal a ra-
Jio and a TV-set, atape recorder,
signals, and an arrangement
Iwo-way communication.

The experiment pursued the aim
>f reproducing some of the condi-
hich might be inthe cabinofa
. There was a variety of

lems to solve:
I'c ;;::rmme man’s capacity
fora longtime inanabsolute-
.e_ space, where he becomes,
=< hand, the main source of

d the basic forming ele-
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From Novosti Press Agency

(Exclusive for Space World)

ment as regards the air medium, and
on the other hand, an object of long-
term effects of physical factors
(noise, vibration, higher tempera-
tures and radiation background) and
factors of the psychological order
(being divorced from the habitual
way of life, existing in monotonous
conditions, etc.)

2. To make an all-round study of
physiological functions under the
above conditions.

3. To test rations of foodstuffs
canned by various methods, which
may serve as rations for long-term
space travel.

4. To study the changes occur-
ring in the functions of the human or-
ganism when it returns to usual con-
ditions of life - - ‘‘exit reaction.”’

The programme of the experi-
ment was carried out in full.
Convincing answers were obtained to
all the questions of practical im-
portance to space medicine, in gen-
eral, and to the medico-biological
support of long-term space flights,
in particular,

The participants in the experi-
ment led an active life: they adjusted
the research apparatus, engaged in
photography and film shooting, per-
formed physiological and hygienic
investigations, processed the infor-
mation obtained and, on the days
when they were on duty, took turns
in keeping ‘‘house’’: cooking food,
tidying the room, etc. Everything
that took place in the outside world
interested us, we listened everyday
to the radio and saw TV pro-
grammes. We spent our spare time
playing chess, chequers and domino,
reading fiction, adventure and fan-

tastic stories being a particular
success with us,

In general, we had rather stren-
uous days filled with a variety of
activities. The sum total of the work
performed in the active period of the
day amounted on the average to
180,000 kilogram-metres, which
corresponds to the average labour
done at mechanised enterprises.

Being kept busy as much as
possible throughout the day helped
to preserve normal relations among
ourselves, in spite of the fact that a
higher degree of irritability result-
eéd in misunderstandings arising
more frequently than under usual
conditions. Did we get tired of each
other? Yes, especially towards the
end of the experiment, however, not
to the extent that we couldn’t
look at each other any longer. If
necessary, the experiment could
have been considerably prolonged,

Major importance was attached
to the safety of the experiment, in
which men living inthe specific con-
ditions of a sealed space were the
object of investigation, Among those
who were tested, there was another
doctor in the sealed chamber be-
sides myself. Comprehensive med-
ical and physiological studies did
not only yield scientific information,
but also served as a means for con-
tinuously controlling the state of the
men’s physiological functions, The
experiment could have been inter-
rupted at the request of anyone of
its participants in case he felt worse,
even if no deviations in the state of
his health were objectively record-
ed. In our experiment, just as in
many other 20, 30, and 60 daytests,




there was nothing of the sort and
none of the participants requestedto
be released fromthe experiment. On
the contrary, each one of us strove
to carry out the testing as success-
fully as possible,

On the 353th day, one of the men
complained of constant pains main-
ly localised in the right iliac area,
which were now and then accom-
panied by nausea. It was diagnosed
as chronic appendicitis. His general
state was not dangerous, so we de-
cided that he should go on with the
experiment, though we relieved him
of all physical work, duty, etc, and
created for him the necessary pro-
tective conditions, the more so as
such a situation might occur in the
real conditions of space travel, as
well, Twelve days after the
symptoms of the disease appeared,
the pain stopped and the man re-
sumed his duties again.

In the course of the first month,
the participants in the experiment
felt well, though their sleep grew
somewhat worse - - it became su-
perficial and was frequently inter-
rupted. On the 3lst - 35th day there
appeared aches anda sense of heavi-
ness in the head, especially in the
evening hours. Many complained of
unpleasant sensations in the area of
the heart and of eye fatigue during
reading. By the time 42-45 days
elapsed, our state of health was es-
timated as just satisfactory and no
more,

The second half of the experiment
was marked by greater fatigability
at the close of the day, by a feeling
of colic in the eyes, unpleasant sen-
sations in the area of the heart - -
stitching pains, palpitation, squeez-

ing pains, all this being confirmed
by changes in electrocardiograms.
Our sleep, which was quite super-
ficial as it was, grew still more in-
termittent due to vivid dreams.

The bacterial pollution of theair
increased sharply. The microorgan-
ism count reached by that time
30,000 in one cubic metre of air.
Little abscesses appeared on the
skin and there were some unfavour-
able shifts in the various systems of
the organism, That is why at the be-
ginning of the fourth month measures
were taken to improve the habitation
conditions, The set of sanitation
measures included additional puri-
fication of air of bacteriaand harm-
ful chemical admixtures, ultraviolet
irradiation of the skin, more fre-
quent baths, increase of vitamins
in the ration, introduction of a
special set of physical exercises
and some medicines, The air be-
came less polluted. The men under
examination started feeling much
better and their sleep became nor -
mal. There were much fewer com-
plaints of fatigue, of unpleasant sen-
sations in the area of the heart and
headaches. Improvements in the
various functions of the organism
were objectively recorded.

In the 24 hours that followed the
unsealing of the chamber, the men’s
state of health remained satisfac-
tory. They complained mainly of the
same sensations which they com-
plained of in the last day of the ex-
periment. The participants inthe ex-
periment started feeling better 2-3
days later. Inthose and the next days,
when they had the chance of going
outdoors and then started living in
home conditions, they began feeling

quite well, Thus, the set of sanitation
measures carried out during the ex-
periment justified itself fully. It per -
mitted to complete the tests, the
long duration of which did not affect
their state of health seriously,
Moreover, the ‘‘exit reaction’’ be-
came considerably shorter and less
prominent,

The state of the men was studied
in detail for about three months fol-
lowing the experiment, The studies
were stopped only when all physiolo-
gical systems, which had been ob-
served during the experiment and in
the period of investigation, although
they sometimes were quite promi-
nent, were not of a pathological na-
ture, because they were not due to
organic malfunctions but were of a
functional, transient nature, Detail-
ed information on the reactions of
the human organism in a sealed
chamber are to be found in the report
made by Andrei [ ebedinski, S, I e-
vinski and Julius Nefedov at the 15th
International Astronomical Con-
gress in 1964 and in other papers,
The participants in the experiment
are to this day under the observation
of various specialists, they work,
feel well, are quite healthy, and each
of them dreams of taking part in
space travel. The wives of three
participants gave birth to healthy
babies. Such tests are evidently
necessary on the given stage of the
development of astronautics, It is
only with their help that we can ob-
tain facts on and understand the me-
chanisms of physiological reactions,
which will help to map measures
essential for preserving man’s
health and capacity to work in con-
ditions of long-term spacetravel.,

MOON FLIGHT SIMULATED

oviet scientists have repro-
*~duced on earth the radiation
litions that cosmonauts may en-
counter on the way to the Moon,

White mice were used in the
tests. A special biological block with
bservation windows was designed
or the experiment. The observa-
ons were made with the help of a
clevision camera,

long with irradiation, the mice
to increasing G-

;A‘jcctcd

It was established that prelimi-
nary irradiation by small doses,
50-00 roentgen, for example, re-
duces the biological effects of sub-
sequent irradiation even in big doses,

In the opinion of Soviet scientists,
the biological effects of ionising ra-
diation are also reduced by G-
forces.

The scientists simulated a solar
flare during which the animals re-
ceived the maximum dose of radia-
tion. Several minutes before it, the

mice received injections of a pre-
paration protecting against radia-
tion. After this the ‘‘ship’’ entered
the danger zone and “‘flew’’ in it
for 24 hours, bombarded by lethal
radiation. The animals did not die.
The preparation had cushioned the
effects of penetrating radiation,

It is believed by specialists that
in principle it is possible to model
any space route, taking account not
only of doses of radiation but also of
the types of particles,
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IN THE NEW'S

Akron, Ohio; PAGEOS - A spacecraft that will
be used to orbit a satellite designed to determine the
relative location of masses on the surfaceofthe earth
from 2,650 miles in space is being developed for NASA
by Goodyear Aerospace Corporation,

The spacecraft, a 26 1/2-inch hollow sphere made
of machined magnesium, will contain a 100-foot-dia-
meter Echo I-type inflatable satellite, which will be
boosted to orbital altitude by a two-stage rocket.

Once in orbit, the spacecraft will be ejected from
the nose of the rocket, Pyrotechnic devices then will
separate the hemispherical halves of the canister,
allowing the giant, silvery balloon-satellite to inflate -
ready to function as the world’s first passive geodetic
satellite.

Under the contract awardedto Goodyear Aerospace,
the spherical spacecraft will be designed, fabricated
and qualified for its mission. Included are canister
Separation tests in the 60-foot space chamber of the
National Aeronautics and Space Administration’s
L angley Research Center, Hampton, Va. The research
center issued the contract to support the worldwide
Geodetic Survey.

To be called Pageos, the new, 100-foot-diameter
satellite will be used in connection with 36 ground
stations around the world, to determine the boundaries
of all countries in relation to one another. These
measurements will be made to an accuracy not pres-
ently available by any other means. It is hoped the
survey will provide a 10 to 100-fold improvement,
compared with accuracies now obtainable,

As anexample, Goodyear Aerospace officials point-
ed out, the distance between the West Coast of the
United States and Japan is now known to an accuracy
of only 400 to 500 feet out of a total distance of some
6000 miles. With the use of the Pageos satellite, map-
makers hope to pinpoint this distance more accurately,

The satellite is scheduled for launching in the
second quarter of 1966, The two-stage rocket that will
carry it into orbit will consist of a thrust-augmented
Thor missile for the first stage and an Agena ‘“‘D’’
rocket for the second, Goodyear Aerospace officials
cxplained. Pageos is expected to remain in orbit for
2t least five years, the length of time needed to com-
plete the survey.

Fhotometric techniques developed by Goodyear
“erospace scientists were used in mid-1964 to mea-
sure the dimensional stability and solar-light reflect-
characteristics of Echo I which was placed in orbit

€& measurements, company officials said, help-
‘icantly in proving it was possible touse Echo
. periods of time as a passive, specular,
cting target for geodetic triangulation.

1 synchronous timing between ground sta-

said.

Huntington Beach, Calif.; WALK INSPACE - Engineers
at the Douglas Aircraft Company’s Space System Cen-
ter here will ““walk in space’’ - but on the earth.

This will occur when man-rating of the huge vacuum
chamber at the Center is completed.

Clad in space suits, the engineers will pass through
a man lock into the 39-foot-diameter chamber, where,
in cold temperatures and low pressures equivalent to
more than 100 miles above the earth, they will inspect
and work on spacecraft undergoing testing.

In other phases of the space research program,
they will bask in simulated solar rays projected into
the man lock.

With connection of the man lock to the vacuum
chamber, the Douglas facility will have the most ver-
satile system in the nation for simulating the envi-
ronment of outer space and will have an important new
tool in its continuing program of space experiments,
said J. L. Bromberg, SSC vice president-director,

The 39-foot-diameter vacuum chamber,; which be-
came operational in 1963, is used for testing space ve-
hicle and spacecraft components but, when combined
with the man lock, will be used to house complete
spacecraft for tests simulating long-duration missions
through outer space.

The man lock is being developed under a $280,000
contract awarded by the Douglas Missile & Space Sys-
tems Division to-the Pittsburgh-Des Moines Steel Co.
It is scheduled to be ready for qualification testing
next Fall.

Consisting of two air locks in tandem - a 13-foot-
long primary lock and an 8-foot-long secondary lock -
the man lock will be built of stainless steel in the form
of a 10-foot-diameter cylinder. A pressure bulkhead
will separate the air locks,

An engineer, wearing a space suit and pre-condi-
tioned from breathing pure oxygen, will pass through
the secondary lock into the primary lock. After the
pressure is lowered there to equal that in the vacuum
chamber, he will enter the chamber and go to work,

The procedure is reversed for departure from the
chamber, with the pressure being gradually increased
while the engineer is in the air locks,

A pressure door, measuring 4 by 7 feet, seals off
the secondary lock from the outside. Similar doors
separate the two air locks and the primary lock from
the vacuum chamber.

In additionto serving as a passageway to the vacuum
chamber, the primary lock also will beusedas a sep-
arate vacuum chamber for testing men and equipment
in a space environment. As such it will function in-
dependently of the huge vacuum chamber and will ac-
commodate up to 20,000 pounds of equipment,

Each of the air locks will have a pumping system.
In the primary lock the pumping system will be cap-




abie of reducing the pressure to a level equal to that
at 150 miles altitude in eight hours or less.

Mechanical pumps will be used to achieve a simu-
lated altitude of 40 miles in 15 minutes. A diffusion
pump system then will take over for the final stages
of air removal. The system will automatically main-
tain any pre-selected pressure.

Versatility of the man lock system is increased by
the capability to project a 4-foot-wide solar beam into
the primary lock. The beam, having all the character-
istics of sunlight, will be used to test the effects of
solar rays on materials usedinspace equipment,

The rays also can be directed onto persons taking
part in space experiments in the primary lock.

Source of the solar beam will be a large solar simu-
lator recently developed by Douglas. A 6 1 /2-foot-wide
opening in the top of the lock will accommodate either
the solar simulator or a heavy cover from which up to
5000 pounds of instrumentation and/or testspecimens
can be suspended,

In case of an emergency inthe vacuum chamber, an
independent repressurization system will quickly re-
store normal earth conditions. In 15seconds the pres-
sure level of 150 miles altitude will be lowered to that
at 27,000 feet.

If further reduction is necessary, sea level con-
ditions will be attained in an additional 40 seconds.
Pure nitrogen and oxygen gas under high pressure will
be used for the first phase of emergency repressuriza-
tion, with air being used for the final phase.

As a safety precaution while an engineer is in the
hugh vacuum chamber, a technician wearing anoxygen
face mask stands by in the primary lock, where pres-
sure has been increased to alevel equivalentto 27,000
feet altitude, while another man is in the secondary
lock.

Houston, Texas; ASTRONAUTS on future space mis-
sions may become space gourments through the efforts
of food technologists at the Manned Spacecraft Center
here and the U.S. Army Natick I aboratories in Mas-
sachusetts,

A compressed ice creamis highonthe list of items
under evaluation . Tablets are prepared like other de-
hydrated foods now carried by astronauts. Ice cream
is frozen and the water content is drawnout. Then the
mixture is made into a powder, and compressed into
a tablet.

Comments on its flavor by a taste panel at MSC
have been favorable. The majority compare it intaste
with a malted milk tablet. It comes in two flavors,
chocolate and vanilla.

Barbecued meats are also being evaluated for
future menus, They include beef and pork barbecue
bites and veal with barbecue sauce, The first two are
bite-sized, the third is rehydrateable, and water must
be added before eating.

Space food experts say that if the new foods prove
feasible for spaceflight, they could appear as entrees
sometime during the Apollo program.

Other bite-size items considered include bacon,
pork sausage, scrapple, lobster, oyster, shrimp, salm-
on, and fish chowder.

APOLLO MISSION SIMUIL ATOR - Thefirst shipment
of equipment for the Apollo Mission Simulator,
the primary training system in which astronauts
will prepare for their round trips to the moon,
left Binghamton, N. Y. recently for NASA’s Manned
Spacecraft Center in Houston, Texas.

The simulator equipment was produced by General
Precision, Inc., [ink Group, under contract to North
American Aviation Space Division. Equipment for the
complete simulator were scheduled to arrive in Hous-
ton on December | for assembly, Fourteenlarge mov-
ing vans and a C-133 aircraft were used to transport
the simulator equipment,

An integral part of the United States space program
to land men on the moon, the Apollo Mission Simulator
is designed to familiarize crews with the equipment,
crew tasks, mission procedures and emergency flight
situations. Programmed on three digital computers,
the system employs mathematical models for simula-
tion of the Apollo spacecraft and its subsystems dur-
ing mission phases. Visual systems will present simu-
lated space conditions to the astronauts inside the
command module simulator., The simulator stands
thirty feet high and weighs approximately forty tons.

A second Apollo Mission Simulator is under con-
struction at Link for use at the Space Flight Center,
Cape Kennedy, Florida.

Two other mission simulators are being built by
I ink for the [ unar Excursion Module (I.LEM) and will
be shipped to Houston and to Cape Kennedy. The I EM
will take the astronauts onthe final phase of the moon-
landing mission, transporting them from the Apollo
spacecraft tothe l.unar surface and back to the mother-
ship for return to earth. Use of both the I ink Apollo
and [EM simulators will provide complete flight
training.

General Precision, Inc. is the principal operation
subsidiary of General Precision Equipment Corpora-
tion, Tarrytown, New York,

Stanford; WHAT’S THE MOON MADE OF? - Probably
of the same stuff-as earth and the other planets, says
a young Stanford University geophysicist, except that
the moon stuff gets hotter, stickier, and lighter toward
the center.

““You might compare the moon with a ping-pong
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year-old Prof, Robert 1., Kovach, ‘‘but
e moon isn’t hollow, It just gets less dense
ore, apparently. And hotter, And gooier.”’

thodox conclusion about the moon is based
studies of the earth, he explained at a re-
ing of the School of Earth Sciences Journal

into the earth and back. Their speed and direction
1 scientists much about the globe’s internal
structure,

The denser the material, the faster seismic waves
travel. Down about 60 miles, where the earth’s heat and
pressure almost turn solid rock into liquid, the waves
slow down, When any material gets hot, it expands -
which makes it less dense,

Rising temperatures dominate for about 300 more
miles straight down through the earth’s upper mantle.
Then pressure again becomes dominant and the waves
once more begin to travel faster.

‘“The known internal structure of the earth is the
logical starting point for speculations about the ter-
restrial planets and the moon,’’ said Prof. Kovach,

“Until we have direct data, the most reasonable
assumption regarding these bodies is that they are
similar in composition to the earth.”’

The pressure at the center of the moon is approxi-
mately 50,000 atmospheres, or around 7,000,000 pounds
per square inch, he said. This corresponds to the pres-
sure at a depth of about 100 miles in the earth’s
mantle,

At this depth, and in fact on down for another.260
miles to the point where pressure again begins to
dominate, the material of the earth becomes less dense
because of increasing heat. It is logical to expect the
same conditions to prevail in the interior of the moon,
says Prof, Kovach,

““The moon probably has anirregular silicate crust,
approximately six miles thick in the highlands, and
overlying a more basic mantle,”’ he said.

What about the loosely packed dust or cottony
structure predicted by other scientists for the moon’s
surface?

‘““That’s only on the surface,”’ answered Prof.
Kovach, ‘At most it should be only about 100 feet
deep.’’

APOLLO JETTISONS “‘COAT’’ - Its work done, Apollo
spacecraft 002’s boost protective cover is pulled free
his North American Space Divisiondrawingof mid-
t phase of abort test. This step is reached after
launch escape rocket ‘‘rescues’’ command module
a staged malfunctionaboardal ittle Joe Il booster
ng role of a Saturn in trouble., Upon abort signal,
the Lockheed launch escape motor powers 11,000-
pound cargo to safety. Canards, wing-like objects
=10p the rocket, stabilize the spacecraft heat shield
3 n, the Thiokol power jettison motor, with

“w = exhaust nozzles, fires for one second to remove
zand cover. Command module’s nose cone is

© sonel and three Northrop parachutes lower space-

© o =zarin. Test is to be conducted by NASA’s

contractor is North American Aviation’s Space Divi-
sion, Downey, Calif,

San Diego, Calif.; THE CONVAIR DIVISION OF GEN-
ERAL DYNAMICS is preparing 12 test tanks that will
be tested for two years or more in an experiment to
determine if different metals can withstand the cor-
rosive action of storable liquid rocket propellants.

The tanks will be fabricated by General Dynamics
under a $55,000 contract with the Air Force Systems
Command's Rocket Propulsion aboratory. The stora-
bility experiment will be conducted at Edwards Air
Force Base,

Two different oxidizers, both known to be highly cor-
rosive, will be tested against four different metals,

The tanks, 18 inches indiameter and 18 inches long,
will contain nitrogen tetroxide and chlorine trifluoride.
All will be stored at 85 per cent relative humidity
and 85 degrees Fahrenheit,

Six of the tanks will be of different aluminum
alloys, three of stainless steel, and three of titanium
alloy. The metals to be tested are: aluminum alloy
2014-T6; aluminum alloy 6061-T6; stainless steel AM
350 SCT; and titanium alloy SAI 2.5 Sn.

MOON “‘BLINKS’’ IN COLOR - A group of amateur
astronomers working on a lunar research project for
the National Aeronautics and Space Administration
reports it has observed unusual color glows on the
Moon and has made photographs of this phenomenon.

The group told NASA it saw the color in the crater
Aristarchus during a four-hour period before daylight
Nov. 15 through a 16-inch telescope at Port Tobacco,
Md.

Although such events have been observed several
times since the Russian astronomer N, Kozyrev first
recorded observations of red glows on spectrograms,
this was the first time photographic equipment was
used successfully to record the sightings inthe crater
Aristarchus,

The observation was a culmination of a 16-month
vigil by members of a ‘“Moon-Blink’’ team from An-
napolis, Md. The team made two previous confirmed
sightings, including one in the crater Alphonsus last




year, but they were much shorter and were not photo-
graphed.

Other teams of the ‘‘Moon-Blink’’ network were
asked to assist in confirming the unusual occurrence,
and the Fels Planetarium, Philadelphia, reported see-
ing unusual ‘‘cloudiness’’ in the exact spot under ob-
servation,

‘‘Mooa-Blink’’ takes its name from the principle
that when alternate colored filters are rotated over a
source of light of the same color as one of the filters,
the human eye will seeitas a blink, in black and white,

The team, operating under NASA contract, develop-
ed the instrument from anidea conceived by Dr. James
B. Edson, technical assistant to the Associate Adminis-
trator for Advanced Research and Technology.

The contract was handled through NASA’s Goddard
Space Flight Center, Greenbelt, Md., with Trident
Engineering Associates, Annapolis, Md,

The *“Moon-Blink’’ apparatus is used with a 16-inch
telescope and observatory built and operated by Lyle
Johnson, a physicist and leading amateur astronomer,

The first sighting came shortly before 1 a.m., EST,
Nov. 15 when two members of the team confirmed the
possibility of a “blink’’ in the central region of the
crater Aristarchus.

Thirty-six photographs were made - 12 each
through the red and blue filters and 12 with no filter,
The blink unit was reinstalled, and the blinking activity
Was more pronounced, probably because seeing con-
ditions improved with the Tising of the Moon,

The observers said they were unable to see the
phenomenon with the unaided eye, even through the
telescope. It was so faint that it was only caught by the
sensitive Moon-Blink instrument, and by the camera
using special film, made and processed to be very
sensitive to red and blue color,

Throughout the night attempts were made to ob-
serve similar occurrences at different portions ofthe
Moon but none were seen, adding greater confidence
to the Aristarchus sightings. Additional photographs
were made and the phenomenon was monitored until
shortly after 5 a.m., when the morning light precluded
any further observations,

There is strong difference of opinion among scien-
tists as to the cause of lunar coloring. One theory is
that the Moon has active gas fields, from which gas
sometimes escapes through fissures suggesting that
the Moon is not a “‘dead’’ object but contains some
sources of energy. Other authorities maintain that
Spots on the Moon are caused by fluorescence of its
surface when bombarded by radiation from solar
storms.

During the Nov. 15 event, there appeared to be an
enhancement of the blue portion of the spectrum, How-
ever, the scientists say it is too early for conclusive
interpretation of the latest observations.

SATELLITE PHOTOS CAUSE CHANGES TO ANTARC-
TICA MAPS - Mahomet the prophet couldn’t move a
hill but a weather satellite called Nimbus moved a
mountain,

Nimbus didn’t move Mount Siple inthe literal sense,
but photographs taken by the 830-pound satellite show
that present relief maps are in error,

Mount Siple, a 10,000-foot-high Antarctica mountain
used by pilots as anavigational aid, will be reposition-
ed 45 miles further west onfuture relief maps,

This is just one of three major changes planned by
the U. S. Geological Survey as a result of months of
studying approximately 300 pictures taken over the
Antarctica by the Nimbus weather observer,

Another significant change involves the Kohler
Range area, Nimbus I pictures indicate that a moun-
tain group thought to be in the Kohler range area
doesn’t really exist,

It seems that two different expeditions sighted the
mountain group and positioned them in two different
locations. Both ETrOoUps now appear on present maps
but will be changed on future maps to show only one
mountain group.

The third change planned for future maps is the
updating of ice front information in the Filshner Jce
Shelf, Weddell Sea and Princess Martha Coast areas,
Nimbus pictures provided topographic engineers with
a much better definition of the ice shelf’s shape.

Engineers at the NASA /Goddard Space Flight Cen-
ter and industry designed Nimbus as a platform to
study the earth’s weather behavior fromspace,

Although future Nimbus satellites will primarily
study meteorological phenomena, it now appears that
Nimbus pictures can be used for other sciences ac-
cording to Dr, Faul [ owman, a geologist at Goddard,

“Fhotos from a satellite like Nimbus,’’ said [ ow-
man, ‘‘can be used in geologic reconnaissance, topo-
graphic mapping, forestry, ice pack reconnaissance,
hydrology and oceanography.’’

Some experts believe that infrared pictures could
be helpful for predicting volcanic eruptions and floods.

“‘Pictures of the earth from Nimbus are extremely
useful to a geologist,’’ added Lowman, ‘‘because they
cover such a tremendous area. One Nimbus photo
covers 1-million square miles, It would take teams of
geologists years to cover that much territory. And
Nimbus sees the entire 200-million square mile area
of the earth every day,”” he said,

Nimbus I took some 27,000 day and nighttime pic-
tures before it stopped operating last September due
L0 a power failure, The National Aeronautics and Space
Administration plans to launch another Nimbus next
year,

Huntsville, Ala.; THE FIRST COMPLETE TEST MOD-
EL of the second stage of the giant Saturn V launch ve-
hicle is wheeled out at Seal Beach, Calif,

The NASA-Marshall Space Flight Center’s Missis-
sippi Test Facility via the Panama Canal,

Designated the S-11-T, the stage is aflight-weight,
all-systems test vehicle which nearly duplicates the
actual flight stages slated to be launched from the
NASA-Kennedy Space Center beginning in 1967,

The S-1I-T’s primary mission is to provide de-
velopment testing of integrated S-11I flight systems and
hardware under static firing conditions,

S-1I firings are slated to begin early next year
on a test stand (A-2) now nearing completion at MTEF,
Other missions of the S-1[-T include the verification
of ground support equipment capabilities, aid in the
transition from testing heavy battleship-type test
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models to flight-weight structures and to serve asthe
vehicle used to activate the test site.

The S-1I is 81 1/2feetlongand 33 feet in diameter.
It is powered by five J-2 engines developing a total
thrust of one million pounds. The J-2uses high energy
liquid hydrogen liquid oxygen propellants.

The stage was expected to arrive at the Marshall
Center’s Michoud Assembly Facility during the second
week of October, There it will be transferred to a
barge for the short trip to MTF,

EXPLORER XXIII ACCOMPLISHES MISSION - The
National Aeronautics and Space Administration today
announced that the Explorer XXIII spacecraft, design-
ed to gather data on meteoroid penetration rates near
Earth, successfully completed the one-year lifetime
for which it was designed on Nov. 6.

The 295-pound satellite, launched from Wallops Is-
land, Va., Nov, 6, 1964, carries detectors to measure
the rate at which the spacecraft is penetrated by me-
teoroids at altitudes ranging from 300 to 600 miles a-
bove the Earth. As of Sept. 30, the satellite had re-
ported 122 punctures by meteoroids in stainless steel
sensors of two different thicknesses.

The results obtained, with other data obtained by
its predecessor meteroid satellite, the Explorer XVI
have established with good confidence the penetration
frequency in very thin spacecraft materials. The re-
sults indicate that a spacecraft with an exposed area
of 10 square feet made up of metal one-thousandth of
an inch thick would experience penetration by a me-
teoroid about once a week.

The information from Explorer XVI and XXIII and
the three large Pegasus meteoroid detectionsatellites

i1l be studied by the designers of spacecraft intended
erate for long periods of time in the near-Earth

Explorer XXIII was developed by NASA’s Langley
. h Center, Hampton, Va.

meteoroid technology satellite program is

S Office of Advanced Research and

SETTLES IN FINAL POINTING

MODE - Explorer XXIX, the geodetic satellite launched
by the National Aeronautics and Space Administration
Nov. 6, is pointing its instrumentation toward the Earth
as planned.

Project officials at the NASA Goddard Space Flight
Center and the Applied Physics [ aboratory of John
Hopkins University reported four Explorer XXIX geo-
detic measurements systems had been checkedout and
were performing as expected. The fifth system, using
laser beam reflectors, will be tested when the space-
craft completes its stabilization phase.

The spacecraft is the first NASA satellite to use
the gravity-gradient system for stabilization. This
system is designed to keep one end of the satellite al-
ways pointed at the Earth as it orbits along a path in-
clined 59 degrees to the Equator.

The final stabilization phase was initiated Saturday
at 11:42 a.m. EST whena commandwas sent from the
NASA ground station in College, Alaska, to retractthe
gravity-gradient boom from about 40 feetto 15 feet.

This action was successfully performed and caused
the spacecraft to begina slow tumbling motion. Thirty-
two minutes later, as the spacecraft completed half
a revolution in this tumbling mode, a command was
sent from the APL Injection Station in Howard County,
Md., that extended the boom to 50 feet. The effect
of this action was to halt the tumbling and freeze
Explorer XXIX in a positionthatkeeps its instrumen-
tation pointed Earthward at all times.

Minor oscillations will persist for several hours
or days but will be gradually dampened out by an
energy conversion and dissipation process.

The key to success of this turnover maneuver,
which was directed by APL, was proper timing of the
ground commands. The boom is extended or retracted
at the rate of 4 1/2 feet per minute.

Achievement of the desired Earth-pointing attitude
was confirmed by magnetic and solar sensors and by
a marked increase in the strength of radio signals.

Gravity-gradient stabilization is accomplished by
maneuvering the long boom with a copper-encased
magnet (eddy current damper) at the end.

Partial extension of the boom has the effect of
halting the tumbling motion imparted to the satellite
upon its separation from the launch vehicle.

Further extension of the boom freezes the space-
craft in an attitude where either the boom or the in-
strumented base is pointed toward Earth. If the boom
should be pointed Earthward, the boom can be re-
tracted and the extension process repeated. This
was done once with Explorer XXIX,

With the spacecraft frozen in the Earth-pointing
attitude, the boom is then extended 40 to 60 feet for
final stabilization.

Gravity-gradient stabilization is based onthe tend-
ency of an Earth-orbiting object with concentrations
of mass a distance apart to keep one end of the axis
connecting them pointed toward Earth.

The differing pull of gravity between the two con-
nected mass points, although very small, tends to
stabilize their oscillations about the total object’s
center of mass and along the axis betweenthe two.

This process of dampening out Explorer XXIX’s
small oscillations after boom deployment is aided




' the eddy current damper at the end of the boom.

[he damper removes the oscillations by converting
their energytoelectrical current and thento heat which
can be dissipated into the space environment,

The dampening system for the Explorer XXIX
gravity-gradient stabilization system was designed and
developed by the General Electric Co. The system
eliminates the need for powered attitude-control de-
vices.

Calibrated solar cells provide ground stations with
information on the satellite’s attitude with respect to
the Sun-line, a direct line from the spacecraft to the
Sun. Magnetometers provide informationon the space-
craft attitude relative to the lines of force in the
Earth’s magnetic field.

Together, these two sources provide complete data
on the satellite’s attitude and tell when to initiate the
oravity-gradient stabilization steps and how well they
were performed.

Houston, Texas; THE FAMIITAR WHITE SPACE HEL -
METS are on the way out, due to the efforts of a
psychologist and a mechanical engineer in Crew Sys-
tems Division of the Manned Spacecraft Center.

Dr. Robert 1. Jones and James O’Kane have de-
veloped a ‘“‘bubble’’ helmet which is smaller and lighter
than previous helmets, and yet is more comfortable
and provides more visibility,

The helmet, which is made from a plastic material
called polycarbonate, is transparent except for a small
section at the back of the head. Hence the name, ““bub-
ble®=helmet,

The Apollo suits which will be used for the moon
landing will have this new type of helmet design.

The helmet started as a development project, but
its design offered so many advantages over the other
helmets that it was incorporated into the \pollo suit,
and will be worn by astronauts exploring the surface
of the moon,

The first consideration in designing a new helmet
was the fit, or headspace inside the helmet. If the hel-
met did not rotate, it was necessary to find out just
how much room a man needed to move his head freely
inside the helmet. The results of head motion studies
revealed that a smaller and lighter helmet could be de-
signed and the viewing area of the astronaut actually
increased,

A pattern for the new helmet was cut and a mold
made by personnel of the Technical Services Division.
The first helmet was almost round, but in later de-
signs, the sides were flattened to give an even better
shape and fit.

Other features were added to the helmet., A new
design of the neckring where the helmet connects to
the torso of the suit permitted donning or removing
the helmet in a few seconds.

I'rotection pads made of a foam material were
molded to fit on the inside and outside of the back of
the helmet to protect the head against buffeting, vi-
bration and impact during launch and reentry. They
are removable during flight,

Three adjustable visors onthe outside of the helmet
will provide protection from heat, radiationand glare.
The visors move independently,

After assembly, the helmet was tested by mount-
ing it in a drop rig and subjecting it to various g forces
caused by impact. The helmet received as many as 34
¢’s without damage in these tests,

Other evaluation tests included visual field meas-
urements, carbon dioxide build-up, and ease of opera-
tion.

The features of the helmet were reviewed by mem-
bers of the astronaut group and Center management,
and adopted, The ‘‘bubble’” helmet has taken its place

as the latest development on the Apollo suit for the
lunar landing.

IN SERVICE POSITION, National Radio Ast
servatory’s new l40-foot-diameter radio telescope
dwarfs buildings and vehicles. The huge i S
the most accurate in the world, accordingtot
al Science Foundation, under whose auspice
operates, The extreme aiming precision of this new
"scope is achieved through the use of two sets of “‘U”’
spring industrial brakes which grip the ring gears on
which the 2,700-ton movable portion is rotated. The
giant brakes were custom-designed by Goadyear’s
Aviation I'roducts Division to hold the dish antenna in
position with an accuracy of .003 of a degree.

Stanford; NARS VEHICI ES - PPlans to send several un-
manned, instrumented space vehiclestoNarsin 1971 -
one to orbit the red planet and one or more to land on
it - are being workedout by a task force of 50 Stanford
University graduate students.,

PProject consultants include some of the most fa-
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es in spacescience, among them Dr. William

ng of the Jet Propulsion [ aboratory, Dr. Ho-
i Seifert of United Technology, and Nobel Prize
er Dr. Joshua [ ederberg.

\ow in their third month of planning, the team re-
cently sent a contingent of 24 to Southern California
for a two-day inspection trip and consultations with
scientists at the Jet Propulsion I aboratory, Hughes
Alrcraft, Northrop Space ILaboratories and North
American Aviation.

It is all part of a special course designed to give
graduate students the ‘‘feel’”’ of working together in a
team to plan and design a major engineering project,
explained Prof. Bruce Lusignan, onelectrical engineer
and co-director of the program.

“It calls for teamwork among specialists of many
different fields,”” he said, ‘‘and is an experience few
people can ever obtaininor out of college. Yet it is the
kind of group engineering which is becoming more com-
mon every day with the rapid advance of our science
and technology.’’

The course was given last year for the first time
under the direction of Prof, William Bollay, an aero-
nautical engineer who had previously organized a
similar course at Massachusetts Institute of Tech-
nology.

““Last year’s team designed a ‘SWAMI’ satellite
system for world-wide weather data collection and
forecasting,’”’ said Dr. Lusignan. ‘It won the admira-
tion and close study of weather and space experts, and
parts of it will probably be incorporated eventually in
global weather forecasting system.’’

Profs. Bollay and [usignan are co-directors of the
1965 project. The 50 participating students represent
varied fields from radar astronomy, computer science
and aeronautical-astronautical engineering to biology
and cost and management analysis. The group has or-
ganized into four sections - Scientific Experiments,
Trajectory and Control, Spacecraft and Communica-
tions, and Design Coordination and Support - one of
which has been led by a girl physicist now majoring in
electrical engineering.

Some of the decisions made so far by the team
sections:

‘1. An orbiter and one or more landers are re-
quired. The orbiter will carry much of the storage
nd data reduction equipment and will also house
everal scientific experiments. The lander will con-

in scientific instruments to perform the life-detec-
:i:‘*, atmospheric and geological measurements,

"”’. In 1971 Mars will be within one AU (astro-
al unit - 93 million miles) of earth from April
c. 5. Avehicle should get near Mars as early in
‘od as poss1ble The earher it arrives, the

S

" [97]

1ica
9 to De
Y

ever, a payload of about 2500 pounds could be de-
=red sometime before midsummer - to arrive any
er the payload would have to be drastically re-

Zition to the classroom and laboratory studies
ject faculty, the student team is getting

=ht advice from their expert consultants in a
© 20 lectures. The subjects include such ex-

otic titles as ‘‘Solid Propellant Rocket Systems,’’
‘‘Upper Stage and Braking Rockets,”’ ‘“‘Atmospheric
Re-entry,”” ‘“‘Multivator [ife Sensors,” ‘‘Bistatic
Radar Measurements,”’ ‘‘Stellar Stabilization,’’ and
‘“The Automated Biological I aboratory.”’

The course project extends over two quarters of
Stanford’s academic year. During the 1965 winter
quarter the team has evaluated the mission’s charac-
teristics and determined which of the alternative ap-
proaches is best.

In the upcoming spring quarter the students will
carry out detailed design and build models of com-
ponents. The best of these designs will be ‘‘frozen’’
for the final mission, and a full report will be made
in June to industry and government representatives,

Besides the directors, other Stanford faculty con-
tributing to the course are Profs, Robert Hemmes,
Von R. Eshleman, Owen K. Garriott, Robert H, Cannon
Jr., Peter Z, Bulkeley, John V. Breakwell, Anthony E.
Siegman, Drs. Elliott [ evinthal and Daniel DeBra, and
Lecturer William [ apson,

NEW INJUN - The National Aeronautics and Space Ad-
ministration has awarded a contract to the State Uni-
versity of lowa for preparation of an Injun spacecraft
to be used in a dual satellite launch in 1967.

The Injun Explorer will be teamed with a 12-foot
inflatable Air Density Explorer and flown on a single
Scout launch vehicle in the same way as Explorers
XXIV and XXV were orbited Nov. 21, 1964.

Langley Research Center is managing the project
under the general direction of NASA’s Office of Space
Science and Applications.,

The contract with the State University of Jowa is
valued at $1,070,488 and covers construction of the In-
jun spacecraft, the preparationand integration with the
Air Density Explorer spacecraft as asingle Scout pay-
load. Dr. James A, Van Allenof Iowa State is the prin-
cipal scientific investigator.

The 12-foot polka dotted Air Density Explorer will
be built by I angley.

The Injun satellite will be used inorbitto measure
corpuscular radiation streaming into the Earth’s upper
atmosphere from space, and to determine how the ra-
diation affects conditions in the upper atmosphere,
Measurements also will be made of very low frequency
radio emissions in the ionosphere,

The 12-foot inflatable sphere will be used to meas-
ure atmospheric density by observing drag effects on
the balloon.

The dual experiment will extend the body of scien-
tific knowledge gathered by Explorers XXIV and XXV
into a period of increasing solar activity,

The new Air Density Injun Explorers will be orbited
at a higher altitude and in a more nearly polar orbit
than the first pair. L ike the earlier satellites, they will
be launched from the Western Test Range, L ompoc,
Calif.

As a contractor to NASA, the State University of
Iowa will provide complete construction, test, reliabil-
ity and quality control, and launch support services,
An Alr Force Cambridge Research | aboratory ex-
periment to measure low energy electrons and ions
will be included as part of the spacecraft,




BOOK REVIEWS

ARTILLERY THROUGH THE AGES, by
Phillip H. Stevens, Maj., U.S. Army,
(Franklin Watts, Inc., 575 Lexington
Avenue, N.Y., 197 pages, $5.95).

Artillery in warfare has been inexistence
since ancient times, when catapaults were
used to hurl stones or other objects at
enemy forces. Gunpowder was introduced
into Europe in the 13th century, and crude,
muzzle-loading cannon were developed
soon afterward. Today, artillery is even
more potent a weapon, for the need to reach
targets at greater distances in shorter
time has given birth to rocket-propelled
projectiles,

Major Phillip Stevens has traced the
history of artillery since its earliest times
to the nuclear artillery of the present day.
From a cumbersome, inaccurate weapon,
artillery became an instrument that caused
more battlefield casualties than any other
weapon, Major Stevens spotlights for the
reader such historic developments as the
famous ‘‘six-pounder’’ used by the Con-
tinental Army in the American Revolution;
the deadly Swedish field-piece used by
Gustavus Adolphus to scourge Europe;the
French ‘75"’ of World War I fame, and
many more, Here also are explained the
technical aspects of artillery-rifling,
muzzle-velocity, mortars and howitzers,
smokeless projectiles, time fuzes, flat and
high trajectory, limbers, and fragmenta-
tion shells. Famous artillery actions are
treated in colorful detail - Frederick the
Great at Ieuthen; Napoleon at [ utzen;
Manassas and Gettysburg inthe Civil War;
St.-Mihiel; and World War Il and Korea,

ASTRONAUTICS FOR SCIENCE TEACH-
ERS,Edited by John G. Meitner, Stan-
ford Research Institute, With nine co-
authors. (John Wiley & Sons, Inc., New
York, London, and Sydney,).

CREDITS

Pages 4, 8, 9, 10: NASA.

Page 15: General Dynamics.

Pages 19, 20, 21, 28: Carl Byoir & Associates, Inc.
Page 39: Link Group, General Precision, Inc.
Pages 40, 42: North American Aviation, Inc.

Page 43: Good Year.

This is the first and only text on astro-
nautics specifically prepared for science
teachers. The book was written by experts
in the various fields of astronautics, who
are also experienced lecturers and
writers. Three chapters of a general na-
ture sweep across the entire field of as-
tronautics. Six chapters, of specialized
contents, areorganized around the individ-
ual scientific disciplines - physics, bi-
ology, mathematics, etc. A concluding
chapter deals extensively with methods and
aids for introducing the material in the
classroom.

U.S. COAST GUARD, by Walter C. Capron,
Captain in USCG, Ret. (Franklin Watts,
Inc., 575 Lexington Avenue, N. Y.
$5.95, 218 pages).

In this fact-filled and reflective volume, a

veteran Coastguardsman tells the story of

his own armed service - smallest among
those of the United States, yet surely one of
the most valiant, Captain Walter C. Capron

(USCG, Retired), in detailing the Coast

Guard’s story from its beginnings in the

early days of the Republic to the present

day, stresses that its duties and missions

(except in wartime when it operates under

the U.S. Navy) are basically humanitarian.

Saving lives, protecting U.S. property, and

enforcing basic quarantine and other laws

is the Coast Guard’s everyday business.

But the course charted by the Coast
Guard during its evolution was a stormy
one - as Capt. Capron makes clear inthis
volume. Today’s U.S. Coast Guardis real-
ly the end result of four earlier services -
the Revenue Cutter Service (first urged
and sponsored by Alexander Hamilton as
the ‘““Revenue-Marine’’); the U.S. I ife Sav-
ing Service; and the Bureau of Marine In-
spection and Navigation, Eventually the
government created the Coast Guard
which, in time of peace, operates under
the Treasury Dept.

Personal accounts as well as exciting
events in Coast Guard annals come under
Capt. Capron’s scrutiny as he recalls
Coast Guard activities incapturing ‘‘rum-
mies’’ during Prohibition, effecting such
rescues as that of Morro Castle, searches
on the high seas, amphibious operations
during World War 1I, and many others,

SCIENCE: U.S.A., William Gilman (The
Viking Press, 625 Madison Avenue,
N. Y., $7.95).
The middle of a revolution is a bad s
from which to get one’s bearings. .
that’s where we stand. The scientific r
lution is in full swing; its importance t
our lives is beyond exaggeration. Wil
Gilman, acting as ascout, set out to su
the field and answer the question: What is
science today and what is itupto?
Frank and comprehensive, Gilm
report is an inside look at sc
research, and technology - their triur
and shortcomings, and the meaning
for our society. From represent
search centers - university, gover
al, private, and industrial - all o
country he has assembled a pict
what modern research and dev
have already accomplished an
seek to find at new fromtiers, Dis
ing the specialists’ arbitra
division, he has made the lif

aid in explaining the intricasies of tech
nology.

But outside the laborato:
comes a social responsibilit
scientist becomes an ordi
With the growing wealth and po
scientific establishment and its

DISTRIBUTOR WANTED

No Competition. To service and set Up new
accounts in exclusive territory. Investment
secured by fast moving inventory of amazing
plastic coating used on all types of surfaces
interior or exterior. Eliminates waxing when
applied to any type of floor. Eliminates all
painting when applied to wood, metal or
concrete surfaces.

Minimum Investment - $500.
Maximum Investment - $12, 000,

For details write or call:

Phone: 314 AX-1-1500
MERCHANDISING DIVISION
P. 0. Box 66
St. Ann, Missouri 63074
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influence on economics and politics, oc-
casions for malfeasance and corruption
multiply - often hidden by the scientific
halo. ‘‘Frankness about the failings of
today’s science is overdue,’”’ writes Mr,
Gilman, and where he feels criticism is
called for he makes it.

By clarifying the nature of today’s
science this book contributes substantial-
ly to our knowledge of the world and the
direction in which it is moving.

PHYSICS OF THE LOWER IONOSPHERE
by R. C. Whitten and I. G, Poppoff,
(Prentice-Hall, Inc., Englewood Cliffs,
New Jersey, $7.50).

Although men long have used the ionized

layers of earth’s atmosphere to prop-

agate radio transmissions, solid efforts
toward a fuller understanding of the lower -
most layer - between 50 and 150 kilometers
above the earth - are relatively recent,

Sparked by the advent of improved in-

struments and more effective experiment-

al techniques, this area of atmospheric
physics is enjoying significant progress.

R. C Whitten and 1. G. Poppoff of Stan-
ford Research Institute, bring together the
most recent work on the subject. They
treat, for the first time ina single volume,
the results of current studies in ion ki-
netics, the interactions between solar dis-
turbances and atmospheric constituents,
and such related topics as ionic reactions,
ionization processes and atmospheric
structure,

Among the features:
® Develops ionospheric processes clear-

ly and logically - without cumbersome,

extraneous material.

® Presents, inaconcise manner, the cur-
rent thinking on lower ionospheric
structure,

e Includes a thorough and up-to-date
guide to the literature.

® Presents many related aspects of at-
mospheric science, including ionic re-
actions, ionization processes, etc,

R. C. Whitten is a senior physicist on
the staff of the Stanford Research In-
stitute in Menlo Park, California.

I. G. Poppoff is chairman of the In-
stitute’s Department of Atmospheric Sci-
ences,

THE QUESTION AND ANSWER BOOK OF
SPACE, by Ruth A. Sonneborn, illus-
trated by John Polgreen, (Random
House, 501 Madison Avenue, N, Y.,
$1.95, 70 pages).

An excellent book for grade school child-

ren, well illustrated with drawings easily

understood. About half the illustrations
are in color,

Answered are such questions as: How
will men get to the Moon?, Why can’t an
airplane fly in space?, How the communi -
cations satellites work?, How does a sat-
ellite get into space?, etc.

GUIDE TO AMATEUR ROCKETRY -
U.S. Army Artillery & Missile School,
Fort Sill, Okla., (free, 54 pages).

An excellent guide for ali amateur rocket

enthusiasts. Available from the above

address,




FeockeZ

Dear Sir:

1 have just finished reading a
newspaper article about an amateur
rocket club in Jacksonville, I1linois.
I'm disappointed and 1 sympathize
with them.

This club has been trying for a
year and a half to find a site to test
their newest rocket, to noavail.

QOur country needs young people
such as these, who are interested
in rockets and our country’s space
program, Yet no one will offer them
any encouragement or dssistance.
Why encourage the youth of today to
become aware of and interested in
space exploration and then leave
them stranded after working so hard
and so long on such a worthy pro-
Jecty

Would you do me a personal favor
and get in touch with these boys if
you have any ideas as to launching
sites available to them?

1 appreciate your help very much,
and incidentally, enjoy your mag-
azine tremendously., Perhaps they
haven’t heard of you and the mag-
azine.

R. W. Matthews
P. O. Box 063
Copperhill, Tennessee

P.S. Their Address: Mr. Dave Witte,
President, Morgan Amateur Rocket
Society, Jacksonville, Tllinois.

® We don't havea listof sites. Per-
haps your appeal will reach some
enthusiasts that can help them. We
also suggest they write to Guided
Missile Dept., U.S. Artillery and
Missile School, Fort Sill, Okla.,

Dear Mr. Bremmer:
First let me say that your mag-
azine is excellent! I think it is of

CZute

excellent quality compared to the
newspaper type of publication that it
used to be,

Ihave recently formed anorgani-
zation called Minnesota Rocket Re-
search. In this organization we
practice the field of several types of
rocketry: Model Rocketry, Amateur
Rocketry, our owntype which is call-
ed Research Rockets, and the pro-
fessional field, Most of our work is
done with model rockets and re-
search rockets. We use amateur and
professional rocketry as references
or for bettering our knowledge of
space.,

The reason this organization
came into being is because we feel
there should be an in-between pro-
gram. One that is not as limited as
the Model Rocket program and yet
as safe as it. And still, one that is
capable of surpassing Amateur
Rockets in performance, Qur Re-
search Rocket is a product of this
new program. It uses safe, pre-
packed engines in a light weight body
similar to those of Model rockets but
can obtain 6 to 10,000 feet, We are
not restricted to NAR or ARA rules,
only by the FAA, Clearance papers
take about an hour to get. With this
type of rocket, we can lift the pay-
loads we want; ones with complicated
instruments, movie cameras, Or
replicas of professional models that
functions similar to the real ones.
This type of rocketry is going to give
the serious minded rocketeer a
chance to develop his skills instead
of flying toys or blowing his head off,
We believe that this program could
become just as popular as NAR or
ARA,

Right now, we are building a
rocket that weighs about 60 pounds,
is made out of paper, carries an 8mm

IROCKETS

16 high flying model kits
for you to build and fly

—eteaies
BLAST OFF;s,—

with the WAC Corporal
Flying scale model,
famous sounding rocket
@ ORDER TODAY. @
#SK-2  parts, 2 engines,
design booklet $2.00
illustrated catalog . . . 25¢

ESTES INDUSTRIES

PENROSE 5, COLORADO

FIRST DAY ROCKET COVERS

Commemorating Dr. Robert H. Goddard
Covers were carried by rockets launched
from Dr. Goddard’s site near Roswell,
New Mexico, on Oct. 5. 1964.

For details write:

Box 1101, Glendale, Calif.

Reaction Research Society

|

movie camera, tape vrecorder,
transmitter, and a variety of ex-
periments, It also has a parachute
recovery system and is powered by
a cluster of commercial engines.
The rocket has a range of 20 miles.
This rocket is being built now but
won’t be flown till we get major sup-
port from a sponsor or company.
This rocket in design is almost like
a Model Rocket, and it will be just as
safe,

Minnesota Rocket Research is
full of possibilities. Weneed any one,
anywhere, someone that is experi-
enced in rocketry and is interested
in working toward a state wide and
nation wide basis. We want to hear
from anybody connected with rock-
ets or any scientific program that we
could use in connection,

In summary, Minnesota Rocket
Research enables rocketeers to do
bigger and better things with rockets
that they can’t do with the excellant
but restricted NAR program, and a
lot safer than the ARA,

We want to hear from any one
across the nation about their club
or ideas and projects. Please write
to Robert C. Matson, Minnesota
Rocket Research, 4170 McKnight
Road, White Bear I ake, Minnesota.
All letters will be answered.

Robert C, Matson
4170 McKnight Road
White Bear [ake, Minnesota
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I'he Publishers of SPPACLE WORIL D have a magazine devoted entirely to the mys-
Saucers, as they are
popularly termed. Rightly, SPACE WORID does not deal with them, because

tery of UNIDENTIPIED F1LYING OBIECTS, or Flying

SPACLE WORI D) is in mo(lkr field. But, many

readers have asked for U.I°,0,

information. ‘'o them, we suggest that they subscribe to FLYING SAUCLRS,
published cvery other month, for $2.00 for one year (6 issues). Or send for a
sample issue at 35¢, If you have a bump of curiosity, you'll be in for a pleasant
surprise, and quite an amazing adventure into a modern mystery.

{FLYING SAUCERSS

Qur back issue file, consisting of 32 issues, con-
stitute the world’s most comprehensive collection
of U.F.0. information, and it cannot be duplicated
anywhere! Not even the Air Force files contain the
information in these magazines. 1800 pages: Over
720,000 words! Many hundreds of photographs! 17

years of U.F.0. coverage! Here is a list:

June 1957 July 1961
Aug. 1957 Sept. 1961
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35¢ each (order by date only)

In addition, you can subscribe to future issues:
$2.00 for one year (6 issues); $4.00 for 2 years
(12 issues). Mail your check, money order of cash
to: FLYING SAUCERS, BOX SW, AMHERST, WIS-
CONSIN, 54406.

SPACE WORLD

The following back issues (very few
copiesl) are available at listed
prices. They won’t last long, so
order now if you need them to com-
plete your file.
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Feb. Vol. A#4 .50
Mar. Vol. A#5 .50
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June Yol. A#8 .50
July Vol. A#9 .50
Aug. Vol. A#10 .50
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Dear Editors of Space World:

Since I am a junior this year in
high school, we are expected to make
a term paper. I chose for my title,
““U.S. Astronauts of 1965.’’ This will
only include, ‘“The Walk in Space,”’
“Gemini 5,”’ and the ‘“Gemini 7’’
space flights.

In your November ’65 ‘‘Space
World,”” you had the coverage of the
“Gemini 5’ flight, I would appreci-
ate it very much if you could send
me 2 sets of the following informa-
tion:

1. Pages 4-9 inclusive,

2. Pages 23-31 inclusive,

I would be willing to pay for the
references listed above,

If you have any further informa-
tioh or references on theseflights, I
would really appreciate it,

Thank you very much for your
trouble.

Sincerely yours,

Karen Schmit

RGBS

New Ulm, Minnesota 56073

e Above being sent under separate
cover. No charge.

Dear Sirs:

I would like to say that Space
World has been of a great personal
help to me. This year, the French
network of the Canadian Broadcast-
ing Corporation was having a contest
on the conquest of space on a very

Where the Reader Blasts Off

i

popular T.V. quiz program. Since I
had every issue of Space World
dating back to June 1961, it was pos-
sible for me to increase my knowl-
edge in the field of astronautics to
a point where I was chosen as one
of the three finalists for the pro-
gram, Unfortunately for me, one of
my two opponents obtained a slightly
higher score than I and Ilostthe op-
portunity to aim for the $5,000.00
award. Nevertheless, I enjoyed go-
ing back through my collection of
Space World and I am certainly
grateful that those magazines, espe-
cially the most recent issues, gave
me the opportunity to be chosen as
one of the three finalists,

I would, now, like to give you a
few suggestions for future issues
since a progressive magazine must
always look ahead no matter how
fine a publication it is. Keep up the
pictorial reports on the Gemini
flights. (Years from now, we will
look back on these reports as price-
less historical documents.) You
should have an annual report onthe
progress of the X-15 program, This
should include the flights over 50
miles, special experiments, etc.
How about a pictorial essay on the
history of rocketry showing the steps
that took us to today’s powerful
boosters. I also hope that you will
stick to your policy of presenting us
with articles of NASA’s most recent
achievements, both in the manned

MISSILE /SPACE

INFORMATION SERVICE
Missile Launch Reports, Blueprints, NASA
Document Loan Service, Technical Re-
search. Write for Detailed Pamphlet 10¢.
ASTRONAUTICS RESEARCH CENTER
!65 Westbrook Ave., Daly City, Calif. 94015

and unmanned space programs,
Richard Cliche
110 Quest Grnde-Allee
App. 301
Quebec 6, P.Q., Canada

Dear Sirs:

I am a SW subscriber. Since I
generally get my issues one month
(issue date) in advance of tl
month I have been looking for my
December SW for some time now -
has it been printed yet? If so, why
haven’t I received an issue?

Thank you,

Erich Aggen Jr.
457 Morse Ave,
Liberty, Mo. 64068

® For benefit of all., Conditions
beyond our control put us a little
behind in publications,

Dear Sir:

I am in 8th grade and I am pre-
paring a Science Fair Proi per-
taining to the topic of e on

Mars.”

I have obtained numerous news-
paper and magazine articles and I
have undertaken the task of creating
an artificial Martian environment
which I plan to keep low forms of
plant life alive,

I would deeply appreciate any
assistance you could extend to me to
further my project.

Thanking you for your help, I
remain,

Yours very truly,
Steven Neudorf

6239 N. Ridgeway Ave,
Chicago, I11. 60645

® Under separate cover we are
sending you tear sheets of any ma-
terial on Mars which has appeared
in Space World, Perhaps you can get
the school libraryto purchaseavery
good book recently published,
“Mars’’ by  Richardson and
Bonestell, This is published by Har-
court, Brace and World. The pur-
chase price is $8.50.
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ENGRAVED GEMINI COVERS

GEMINI-TITAN 1[I

A limited number of engraved
covers cancelled at Cape Can-
averal on flight date for the 2nd
Gemini capsule to be flown. 50¢

GEMINI-TITAN 11l

Part of engraved series for all
Gemini Manned Flights. Can-
celled on flight date. Only 50¢.

GEMINI-TITAN IV

Cancelled on date of flight.
Only 50¢.

GEMINI-TITAN V

8 Days in Orbit - Part of only
engraved series. .50¢

GEMINI-TITAN VI

Partof engraved Gemini series. 50¢

ORBIT COVERS

1307 Nelson Avenue New York City, N.Y. 10452

Deay Sir:

1 have been enjoying Space World
two years and think it is great,

I am in high school and very
interested in rockets.

I would like to know how you go
about becoming an astronaut and
what education you must have to
qualify. I would also like to know
the progress Italy is making in the
Space race,

One more thing, could you tell
me where [ could get some informa-
tion from the government on Uni-
dentified Flying Objects,

Thanks a 1ot and keep up the good
work onSpace World magazine,

Jim Niger
236 Seneca Road
Rochester 22, N, Y,

e Write direct to NASA, Manned
Spacecraft Center, Texas, for in-
formation on becoming an astronaut,

Afraid you won’t get much from
the government on UFQ’s.

Italy has made some progress in
space. Only recently they launched
a satellite with the cooperation of
NASA,

Dear Mr. Bremmer:

I have subscribed to your mag-
azine since it was published and I
think it’s the best thing that has hap-
pened to the space enthusiasts of
America,

But Iam wondering why youdidn’t
publish a picture of the Vostok
spacecraft exhibited at the Le
Bourget Air Show last summer.

However, that’s beside the point,
What I wrote to say was: I read
Albert Coughlin’s letter in the
November issue of Space World
and I, too, am very interested inob-
taining models of the many space-
craft, rockets, and missiles in use
today. Up till now I have hadto make
my own. In your reply to his letter
you said there was a company tooling
to manufacture these models. When
you can, please let us ‘‘space nuts’’
in onmore information on this ‘‘won-
derful”’ company,

Robert M. Young, Jr.

% Lt. Col. R, M. Young
Hq., 7th Bn., 16th Arty,
APO, New York, 09034

e Par Tool Co., Model Eng. Div.,
Sun Valley, Calif,, also Atkins and
Merrill, Inc., Boston Post Road,
Sudsbury, Mass.




Man will require nuclear powered rockets for his exploration of the universe and there will be a
need for nuclear maintenance space craft such as this, engineers with Westinghouse Electric
Corporation’s astronuclear laboratory saidhere recently. Speaking at the Seventh Symposium on
Ballistic Missile and Space Technology, they said these maintenance stations would remain in
space permanently to maintain, repair and refuel atomic-powered space craft. The highly versa-
tile, self-propelled repair shop for radioactive equipment is shown here with another space
vehicle docked for maintenance (right).
maintenance station's propulsion system is at left.

SPACE WORLD |
Amherst, Wisconsin 54406
Please send methe 1964 SPACE WORLD
YEARBOOK. | understand the book will

be available for shipment immediately.

| enclose $5.00.

Naome

City
“eate Zip code no.
f

|
|
|
|
|
Address j
1
}

Shielded personnel quarters are in the center and the

THE BEST OF SPACE WORLD COLOR PHOTOS - - FULL PAGE.

THE BEST FROM SPACE WORLD ALBUM - - COLOR AND BLACK & WHITE.
PORTRAITS OF ALL THE ASTRONAUTS IN COLOR.

DRAWINGS, PICS AND SPECS OF THE MAJOR SATELLITES.

DRAWINGS, PICS AND SPECS OF THE MAJOR LAUNCH VEHICLES.

CHRONOLOGY OF ALL SPACE LAUNCHINGS 1958-1964 - - OBJECT, LAUNCH VEHICL
APOGEE, PERIGEE, DECAY DATE, ETC.

CHRONOLOGY OF MAJOR U. S. LAUNCHINGS - - OBJECT, DATE, PURPOSE.
OTHER FACTS AND FIGURES ON THE SPACE PROGRAM.
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The Most Thought Provoking Book 0f The Space Age!

B eyond Tomorrow is not justa

review of new space pro-
jects, important and exciting as
they may be. It is a new sSyn-
thesis of science, philosophy,
and religion, a guide book to a
X : : challenging future of revolution-
THE NEXT 50 YEARS IN SPACE | ary changes, and a plan for a

: : - f peacetul, productive world,

No study of the future of man
and society can be realistic
without consideration of two prin-
ciples of Socio-dynamics; a) pop-
ulation tends to increase €Xpo-
nentially, and b) technological
knowledge tends to increase at a
higher exponential rate than pop-
ulation,

The Operation of fundamental
social laws will completely
transform society in the next
fifty years. Only by recognizing
the inevitability of change and un-
derstanding its implications can
we hope to conserve the human
: s , o values and liberties of the past
Dandridge M. Cole as we conmstruct the free yet
WITH SPACE ART ORIGINATED e interdependent technological so-

: BY cieties of the future,
Roy G. Scarfo :
2 The next fifty years should
g carry us beyond the nuclear
age and the space age to the

(Front cover from the book “Beyond Tomorrow’) age of maturity, It will be a time
T HIS BOOK IS THE PRODUCT OF MANY YEARS OF OTHERS WILL EXCITE YOUR IMNAGINATION AND GIVE of;urmoﬂ and conflict, of doubt
CAREFUL FACTUAL SCIENTIFIC STUDY AND YOU NEW HOPE FOR THE FUTURE, and confusi so :
FYALUATION CONCERNING THE FUTURE OF MAN.  THIS BOOK IS FOR THOSE WHO ARE INTERESTED U 0?1’ and' metlr_neS
KIND. IN HOPES AND DREAMS AND WHO CARE WHAT RAP. even of despair, It will be a time
A LEADING SPACE SCIENTIST AND ONE OF A- PENS TO CIVILIZRD SOCIETY, TO THEIR CHILDRFN
TERICA'S TOP SPACE ARTISTS HAVE COMBINED AND TO THE HUMAN RACE IN THE WORLD OF TO. of great danger; but the odds are
THEIR TALENTS TO PRODUCE A PICTURE OF THE - HORROW AND BEYOND. IN PARTICULAR, IT SHOULD :
FUTURE THAT IS INSPIRING YET FRIGHTENING, BE OF INTEREST TO STUDENTS OF SCIENCE AND In our favor and we should look
SCIENTIFICALLY PLAUSIBLE YET EMOTIONALLY PHILOSOPHY, BOTH YOUNG AND OLD, AND TO THE
STAGGERING, THOUSANDS OF SCIENTISTS, ENGINEERS, MARKET at. QUL problfems as challenges
SOME OF THE DARING CONCEPTS PRESENTED ANALYSTS, ETC. CONCERNED WITH OUR SPACE with the confidence that we have

HERE WILL SHOCK YOU, SOME WILL DEPRESS YOU, PROGRAM. At
- the abilities to advance beyond

them to a more rewarding future,

IT'S BIG! 33 Full color plates
s T, . ’I ‘his will be an g e of rapid
81'2 x11 / BeﬂUflfU“y bOUnd 52 PhOfOS 2 charfs Change, eXplOSige gI‘OWE‘.)h,
in simulated leather, 168 Giant pages 'agonizing decisions, but above all
A SENSATIONAL BARGAIN AT $7.50 ‘ - should be an age of hope that

We can at long last Jjustify our
Order from: ““BEYOND TOMORROW’, AMHERST, WISCONSIN 54406 existence,




