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MARINER SPACECRAFT 

Mariner 2, the second of a series of spacecraft designed 
for planetary exploration,- will be launched within a few days 
(no earlier than August 17) from the Atlantic Missile Range, 
Cape Canaveral, Florida, by the National Aeronautics and Space 
Administration. 

from AMR, was destroyed by t h e  Range Safety Officer after 
about 290 seconds of flight because of a deviation from the 
planned flight path. 

Mariner 1, launched at 4:21 a.m. (EST) on July 22, 1962 

Measures have been taken to correct the difficulties 
experienced in the Mariner 1 launch. These measures include 
a more rigorous checkout of the Atlas rate beacon and revision 
of the data editing equation. 
designed as a guard against acceptance of faulty databy the 
ground guidance equipment. 

The data editing equation I s  

The Mariner 2 spacecraft and its mission are identical 
to the first Mariner. Mariner 2 will carry six experiments. 
Two of these instruments, infrared and microwave radiometers, 
will make measurements at close range as Mariner 2 flys by 
Venus and communicate this in€ormation over an interplanetary 
distance of 36 million miles, 

Four other experiments on the spacecraft -- a magnetometer, 
ion chamber and particle flux detector, cosmic dust detector 
and solar plasma spectrometer -- will gather Information on 
interplantetary phenomena during the trip to Venus and in the 
vicinity of the planet. 

Flight time will vary from 92 days to 117 days, depending 
on the launch date. The closest approach of Mariner to Venus 
will be about 10,000 miles, The overall flight distance will 
be approximately 191 million miles, based on an August 17 
launch. 

(over) 
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NASA assigned two launches f o r  Mariner i n  1962 because 
inherent  dLf f i cu l ty  of an i n t e r p l a n e t a r y  mission and 

t o  take advantage o f  the  per iod t h i s  yea r  during which Venus 
w i l l  be close t o  earth. 
w i l l  no t  occur f o r  19 months, i n  1964, 

The next launch opportunkty f o r  Venus 

Several  f a c t o r s  make the Venus mission d i f f i c u l t  -- the  
long f l i gh t  time and t h e  r e s u l t a n t  demands i n  t he  spacecraft; 
sub jec t ing  of  t h e  spacec ra f t  t o  a prolonged v a r i a t i o n  i n  
temperature caused by the  v a r i a t i o n  i n  d i s t ance  from the sun 
and the increasing i n t e n s i t y  o f  the sun; r a d i a t i o n  e f f e c t s  i n  
in te r ,p lane tary  space are not  fu l ly  known; the  problem o f  
t r ansmi t t i ng  a considerable  amount o f  information over  an 
extreme range, and a complex t r a j e c t o r y  problem, 

the Ca l i fo rn ia  I n s t i t u t e  of  Technology Jet  Propulsion Laboratory 
by the  National Aeronautics and Space Administration, This  
inc ludes  r e s p o n s i b i l i t y  f o r  the spacec ra f t  system and space 
f l ight operat ions,  The Marshall Space Fl ight  Center  has the 
r e s p o n s i b i l i t y  for providing the launch vehic le ,  with the 
support  of the U.S.A.F. Space Systems Divis ion,  The Atlas D 
first s tage  is provided by General Dynamics Astronaut ics ,  and 
t h e  Agena B second stage is provided by Lockheed Missiles and 
Space Company , 

Fred D, 
Kochendorfer, Mariner Program Chief, NASA Headquarters; 
D, L, Forsythe, Agena Program Chief; Roberts J. Parks, 
P lane tary  Program Direc tor  f o r  JPL; J, N, James, JPL, Mariner 
P ro jec t  Manager; W, A ,  C o l l i e r ,  JPL, Assistant P ro jec t  Manager; 
Dan Schneiderman, JPL, Spacecraf t  System Manager; F r i e d r i c h  
Duerr, MSFC, Launch Vehicle Systems Manager; Major J, G. Albert, 
Mariner Launch Vehicle Direc tor  f o r  AFSSD; and H, T, U s k i n ,  
D i rec to r  f o r  NASA Programs, Iockheed Missiles and Space Company, 

Deep Space Instrumentat ion F a c i l i t y  with permanent s t a t i o n s  a t  
Goldstone, Ca l i fo rn ia ,  Woomera, Aus t ra l ia ,  and Johannesburg, 
South Africa and mobile s t a t i o n s  a t  Cape Canaveral and near  the 
permanent s t a t i o n  a t  Johannesburg. 
s t a t i o n s  from the  spacec ra f t  will be routed  t o  J P L ' s  Spacecraft 
Fl ight  Operations Center f o r  c o r r e l a t i o n  by an IBM 7090 computer 
sys tem. 

Pro jec t  Management f o r  the Venus Mission was assigned t o  

Key personnel i n  the Mariner Pro jec t  are: 

Mariner t racking  and communication w i l l  be provided by JPLIs 

Data floMing i n t o  these 
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SPACECRAFT DESCRIPTION 

The Mariner weighs 447 pounds and ,  i n  the launch posit ion,  is 
In five feet-in-diameter at the  base  and 9 fee t ,  11 inches in  height. 

the  c ru ise  position, with solar panels and high-gain antenna extended , 
it is 16.5 feet a c r w s  i n  span ar,d 11 fee t ,  11 inches i:: height. 

The design is a variation of the hexagonal concept used for the 
Ranger ser ies .  The hexagon framework base  houses a liquid-fuel rocket 
motor, for trajectory correction, and  six modules containing the att i tude 
conuoi  system, electronic circuitry for the scientific experiments, 
power supply,  battery and charger, data encoder and command subsystem, 
digital  computer and sequencer,  and radio transmitter and receiver. Sun 
sensors  and att i tude control jets are mounted on the exterior of the  base  
hexagon. 

A tubular superstructure extends upward from the base  hexagon. 
Scientific experiments a re  attached to th i s  framework. An omindirectional 
antenna is mounted at the peak of the  superstructure. A parabolic, high- 
gain antenna is hinge-mounted below the base  hexagon. Two solar panels 
a r e  also hinged to  the base  hexagon. They fold up alongside the spacecraf t  
during launch,  parking orbit and injection and are  folded down, l ike butter- 
fly wings when the craft is i n  space.  A command antenna for receiving 
transmission from earth is mounted on one of the panels.  

The solar  panels contain 9800 solar cells i n  2 7  squa re  feet of 
area.  They will collect energy from the sun and convert i t  into e lectr ical  
power at a minimum of 148 wat ts  and a maximum of 2 2 2  watts.  
of power available from the  panels is expected io iiicrease slightly during 
the  mission due to the increased intensity of the sun. 
h a s  a protective glass filter that  reduces the amount of heat absorbed from 
the  s u n ,  but does not interfere with the energy conversion process.  
glass covers  filter out the s u n ' s  ultraviolet and infrared radiation that 
would produce heat but not electrical  energy. 

The amount 

Each solar cell 

The 

Prior to deployment of the  solar pane ls ,  power will be supplied by a 
33.3-pound silver-zinc rechargeable battery with a capacity of 1000 watt 
hours. The recharge capabili ty is used to  meet the long-term power 
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requirements of the Venus M r s s i o n ,  The battery will supply power 
directly for sw;tchrng and sharing pesk - l eads  w;Lh the sojar panels 
and also supply power c?ur;ng trajzctory correctlor. when the panels 
will  not be directed a: tke s-dn., 

The power subsystem w i 2  convert electricity from the solar 
panels and battery to 50 vc,t E400 cps; 26 vol t ,  400 cps and 25 8 
to 3 3 . 3  volt DZ, 

Two-way commun_cation aboard the Maricer j s  supplied by the 
receiver/transmjtfer two transmitting antennas; the omnidirectional 
and high-gain antenna; and the commaEd antenna for receiving instruc- 
t ions from earth, Transmilting power will be 3 watts .  

The high-gain antenna is hinged and equipped with a drive mechanism 
allowing it to be pointed at the earth on command, Anearth sensor is 
mounted on the aptenna yoke near the rim of the  high-gain dish-shaped 
antenna to search for and keep the antenna pointed at the earth. 

Stabilization of the Spacecraft for yaw E pitch a r d  rol l ,  is provided 
by ten  cold gas jets mounted i n  four iozatisns (2 3 2 I 2 , I  
titanium bottles containing 4 ., 3 pounds of netrcgen gas pressurized to 
3500 PSI. The jets are  linked by logic circuztry to three gyros in  the 
att i tude control subsystem, to the esr th  sensor or! the  parabolic antenna 
and to six sun sensors  mounted or, the sgaczcrafr frame and cn the back 
of the  two solar panels ,  

fed by two 

The four primary SUR sensors  a re  mounted on  four of the s i x  legs 
of the hexagon, and the two seccndary sensors  on the backs of the 
solar panels ,, 
control system--gas jets and gyros--when they s e e n  the sun,  
tude control system responds to these  s ignals  by rurning the spacecraft  
and pointing the  longitudinal or roll a x i s ,  toward Ehe sun,  Torquing of 
the  spacecraft for t hese  maneuvers 1s provided by the cold gas jets 
fed by the  nitrogen gas regulated to 15 pounds per square inch pressure. 
There is calculated to be enough nitroger, :c operate the  gas jets to 
maintain attitude control for a rrinimrm of 206 days,  

These a re  light-sensirive diodes which inform the att i tude 
The atti- 

Computation for the subsystems a n a  the i s suance  of commands 
is a function of the  digital 'Central Computer ar,d Sequencer. All  events 
of the spacecraft a r e  contained in  three CC&S sequences.  The launch 
sequence controls events from launch through the  crilise mcde. The mid- 
course propulsion sequence controls the midcourse trajectory correction 

- 4  - 



maneuver a The encounter sequence pc!-Lri des required commands for 
data collection i n  the vicinity of Venus, 

The CCGS provides the bas ic  t iming for the spacecraft  subsystems. 
This t i m e  base  will be supplied by a crystal  control oscil lator i n  the CCGS 
operating at 307 .2  kc .  This is divided down to 38,4 k c  for timing in  the 
power subsystem and dfvidea down again to 2400 and 400 cps for u s e  by 
various subsystems The control oscillator provides the bas ic  I' counting" 
rate  for the CCGS to  determine issuance of commands a t  the right t i m e  i n  
the three CC&S sequences.  

The s ~ h s y s t e m  c lmtered  aronnd the base nf the spacecraft  are 
insulated from the sun ' s  heat by a shield covered with layers  of aluminurn 
coated plast ic  f i lm .  At the  bottom of the spacecraft,, just  below the sub- 
system modules, is a second Tempera?ure Control Shield. I t  prevents too 
rapid loss of heat  into space which would m a k e  the establishment of re- 
quired temperatures difficult to maifitain, The two shields  form a sandwich 
that  helps to minimize the heat  control problem, 

Temperature control of the attitude control subsysrem is provided by 
louvers actuated by coiled bimetallic s t r ips .  The strips act as coil  springs 
that  expand and contract as  they heat and cool. This  mechanical action 
opens and closes the  louvers. The louvers a re  vertical on the face of the 
att i tude control box and regulate the amount of heat flowing into space. 
This is a cri t ical  area as some of the equipment may not function properly 
about 130° F. 

Paint patterns aluminum sheet thin gold plate ,  and polished aluminum 
surfaces  a re  used on the Mariner for passive controi of internal temperatures. 
These surfaces  control both the amount of internal heat  diss ipated into space 
and the  amount of solar heat reflected away,  allowing the establishment of 
temperature limits 
Control Mode. The TCM was  subjected to the variations of temperature 
anticipated in  the Venus Mission i n  a space  simulation chamber at JPL. 

The patterns were determified from test ing of a Temperature 

Communication with the spacecraft will be In digital form. The command 
sybsystem aboard the Mariner will desode incoming digital commands and send 
them to the designated subsystems 
sources  will  be encoded to  digital form for transmission to earth. 

Data from engineering and scientific 

Synchronizing pulses will be spaced at regular intervals between the 

This 
data s igna ls  from Mariner 
identicai  puises  ana  matcn them with rhe pu i ses  from ihe spacecraft. 
will  provide a reference to determine the location of the data s ignals  allowing 
receiving equ ipmen t  to separate data s ignals  f rom noise.  

Ground bases  receiving equipment will generate 

- 5 -  



MISSION DESCRIPTION 

The launch vehicle for the Mariner will be an  Atlas D-Agena B. 
The Atlas and t h e  Agena will boost Mariner t o  a n  alt i tude of 115 s ta tute  
m i l e s  and an orbital speed of 18,000 m i l e s  a n  hour. 

Mariner will use  the parking orbit technique which is a means by 
' which the geometry imposed on a Venus launch by the location of the 

Atlantic Missile Range at Cape Canaveral , Florida, is corrected by using 
the second-stage rocket as a mobile launching platform i n  space. 

During the launch phase,  the Mariner spacecraft  is protected 
against  aerodynamic heating by a shroud. After Atlas cutoff, approximately 
five minutes after liftoff, the shroud is jettisoned by eight spring-loaded 
bolts which shove it ahead of t h e  vehicle.  At  almost the same time, the  
Agena B separates from the Atlas. The Agena B then pitches down from a n  
att i tude almost 15 degrees above the local horizon to almost level with 
the local horizon. 

In this horizontal att i tude the Agena B f ires for the first t i m e  and 
burns for almost two and a half minutes to reach orbital speed of about 
18 , 000 miles a n  hour. After th i s  burning ' t i m e  , Agena B shuts  down and 
coasts i n  a parking orbit for more than 13 minutes until it reaches the 
optimum point i n  t i m e  and space i n  its orbit to fire for the  second t i m e .  

The second Agena B burn injects  the Agena B and Mariner , still as 
one unit, on a n  escape  trajectory at 25,700 m i l e s  an  hour, Injection 
occurs approximately over Ascension Island i n  the South Atlantic Ocean 
and approximately 23 to 34 minutes after launch, depending on t i m e  of 
launch. 

A little more than two minutes after second burn cutoff or injection, 
Mariner is separated from Agena, again by spring-loaded bolts.  Agena 
then yaws 140 degrees in  the local horizontal plane and performs a retro 
maneuver which reduces the  Agena velocity and moves the Agena into 
a different trajectory. Propulsion for the retro maneuver is provided by 
ejecting the unused fuel on the Agena through small jets. The retro 
maneuver serves two purposes: to prevent t he  Agena from impacting Venus, 
and i f  Agena B follows Mariner too closely, the  spacecraft  optical  sensors  
might m i s t a k e  reflected sunlight from Agena B for the sun or earth and con- 
fuse  its acquisition system. 
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Separation from the Agena will cause the Mariner t o  begin a 
tumbling motion. These residual separation rates  a re  cancelled out 
by the yaw,  pitch and roll gyros acting on t h e  g a s  je t  stabil ization 
system, 

Mariner now is on a trajectory that will take it fairly close t o  
Venus, The omnidirectional antenna is working and radiating the 
radio transmitter 's  full three watts of power. Before and during launch,  
the transmitter had been kept a t  about 1.1 wat ts .  This is required 
during the period the launch vehicle passes  through a crit icai  ;rea 
between 150,000 and 250,000 feet ,  where a tendency exists for devices 
using high voltage to a rc  over and damage themselves; hence ,  the trans- 
mitter is kept at reduced power until this area is passed.  

Following is the sequence of events that  Mariner will conduct on 
its flight to Venus. 

The first  command is issued by the CCGS 44 minutes after launch. 
Explosive pin pullers holding the solar panels and  the radiometer i n  their 
launch position a re  detonated to  allow the  spring-loaded solar'  panels 
to open and assume their cruise  position and free the  radiometer to scan  
Venus as it p a s s e s  by the spacecraft .  Although the radiometer wil l  not 
function until Venus encounter , i t  i s  convenient to unlock it at th i s  point. 

At launch plus 60 minutes, the CC&S turns on the att i tude control 
system and the sun  acquisit ion mode wil l  begin. The sun senso r s ,  
linked to the valves  controlling t h e  gas jets, jockey the spacecraft  
about until i t s  long axis is pointed a t  the sun thas  aligning the solar 
Panels with the sun. Both the gyros and the sun  sensors  can activate 
the g a s  jet valves. A backup radio command capabili ty is provided to 
ini t ia te  the CC&S function and sun acquisition. 

t 

In order to conserve g a s ,  the  attitude control system permits a point- 
ing error toward the sun  of one degree, or . 5  degree on each  s ide  of dead 
on. 
keep  Mariner slowly swinging through this one degree of a r c  pointed at the 
sun.  
. 5  degree l i m i t  on one s ide ,  the sensors signal the gas jets and  they fire 
again.  
Mariner. 
each  60 minutes to keep the spacecraft 's  solar panels pointed at the sun. 
When the  sun  has  been acquired, the gyros a re  turned off t o  conserve 
the i r  life and to !cwer the p w e r  demanded Gf the soiar panels.  

The mixing network in  the attitude control system is calibrated to 

The swing takes  approximately 60 minutes. As Mariner nears the  

This process is repeated hourly through the  effective life of 
It  is calculated that the gas jets will fire one-fiftieth of a second 
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The sun  acquisition process is excepted to  take less than 30 
minutes. When it is completed, the secondary sun sensors  on the backs 
of the solar panels are  turned off to avoid having light from the earth 
confuse them. 

A s  soon as the solar panels are  locked on the sun ,  the power system 
will begin drawing electric power from the panels.  The battery will now 
only supply power in  the event of a peak demand that the  panels cannot 
handle. Excess power from the solar panels will be utilized to recharge 
the battery, 

The next event initiated by the CC&S is the acquisition of earth by 
the high gain directional antenna. This does not occur,  however, until 
167 hours (seven days) after launch. The earth sensor used to  align the 
antenna is so sensi t ive that i t  would not operate properly i f  used earlier. 
Once again,  a radio command capabili ty is provided to  back up the init ia- 
tion of this  event,  

During earth acquisit ion,  the spacecraft  maintains its lock on the 
sun ,  but with i t s  high-gain directional antenna pointed a t  a preset  angle ,  
i t  rolls on  i ts  long axis  and s tar ts  to look for the earth. It does this  
by means of the three-section, photo-multiplier-tube operated earth 
sensor mounted on and aligned with the high-gain antenna. During the 
rol l ,  the  earth sensor will see the earth and inform the gas jets. The 
je t s  will fire to keep the earth in  view of the sensor and thus lock onto 
the earth.  The sensorhas  a l ens  system to magnify the earth image. 

The spacecraft now is stabil ized on two-axes--the solar panel-sun 
axis and the earth-directional antenna ax is .  There is some danger that 
the earth sensor,  during i t s  search for the ear th ,  may see the moon and 
lock onto that,  but telemetry later will inform earth s ta t ions if this  has  
occurred, and Goldstone has  the abil i ty to send a n  override command 
to the attitude control system to  te l l  it t o  look again for the earth. If 
this  is not sufficient, the s ta t ions can send  a hinge override command to 
change the  hinge angle and then order another roll search.  When the 
earth is acquired, the transmitter s tops  transmitting on the  omni-antenna 
and s ta r t s  transmitting on the high-gain antenna. 

A r i se  in  signal strength will be a n  indication that  earth acquisit ion 
has  been achieved by the parabolic antenna. 
afforded by analysis  of telemetry to determine the angle  of the antenna hinge. 

Positive proof will be 



With s u n  and earth acquisition ~ C V - + - ! X ' ,  Mariner 1s now i n  its 
cruise  mode. 

The cruise  mode will cozrlnue un:;i Time for the midcourse trajectory 
correction maneuver. After launch, most .  of the  activity on the Venus 
Mission will be centered at the DSIF s ta t icns  and at the Space Flight 
Opera t lms  Center at TPL; 

Tracking datacol lected by the X I F  stations will be sent  to JPL 
and fed into the 7090 computer system. The computer will compare the 
ac tua l  trajectory of the Mariner with the course required to yield a 10,000 
rrllie yiy-lDyo TL Il yuludllc;e - . . : - I  errors befcre erijeciior, b--.- - . .L  na,r:-rrr A~~ .L- 

optimum trajectory, the comFuter will provide the necessary figures to 
command the spacecraft  to alter i t s  trajectory. This involves commands 
for rol l ,  pitch and motor burn. Roll and pitch point Mariner for the  tra- 
jectory correction. 
required to change direction. 

. a v t :  ~ U L  i v i a L L i i c : I  W L L  I IG 

Motor burn will provide the additional velocity 

The first  command from Goldstone wiil give the direction and amount 
of roll required, the second will give the direction and amount of pitch 
needed and the third will give the amount of velocity increment needed. 
this  data is stored i n  the CC&S until Goldstone transmits a "go" comma,nd. 

Prior to the "go" command, Goldstone will have ordered Mariner 's  
transmitter to switch from the dish-shaped directional antenna, at the  
base  of the  craft ,  to the omni-directional antenna mounted at the peak 
of the  super-structure. 

Commands preprogrammed in  the CC&S for the midcourse sequence 
ini t ia te  the following: the earth sensor, mounted on the dish-shaped 
antenna,  is turned off; the hinged-mounted directional antenna itself is 
moved out of the  path of the midcourse motor's exhaust ,  and the  gyros 
will have been turned on a n  hour earlier to  warm up. 
the gyros will inform the att i tude control subsystem of the rate of pitch 
and roll  as they occur for reference against the orders from earth. A 
pulse balanced accelerometer will be turned on 10 provide acceleration 
ra tes  during motor burn to the CC&S. Each pulse from the accelerometer 
represents a velocity increment of 0 .03 meters per second. 

During the maneuver 

The roll maneuver requires a maximum of 12 minutes of t i m e ,  including 
two minutes of sett l ing t i m e ,  and the pitch maneuver requires a maximum of 
2 2  minutes. When these  a re  completed, the midcourse motor is turned on  
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and burns for the commanded time. As  the attirude control gas jets 
a re  not powerful enough to mairrtain the stabil i ty of the spacecraft  
during the  propulsion phase of the midcourse maneuver, moveable 
jet vanes extending into the exhaust of the midcourse motor controls 
the attitude of the spacecraft  in  this period. 

The je t  vanes a re  controlled by an  auto pilot subsystem i n  the 
att i tude control system that functions only during the midcourse 
maneuver. The auto pilot accepts  information from the  gyros to direct 
the thrust of the motor through the spacecraf t ' s  center or gravity t o  
stabil ize the craft. 

The liquid monopropellant motor weighs,  with fuel and the 
nitrogen pressure gas  system, 37 e 3 pounds, Hydrazine fuel is held 
i n  a rubber bladder inside a doorknob-shaped container cal led the 
pressure dome. On the command to  fire,  nitrogen under 3000 pounds 
of pressure per square inch ,  is admitted inside the pressure dome 
and squeezes the rubber bladder, forcing the fuel into a combustion 
chamber. 

Because hydrazine is a monopropellant, it needs a start ing 
fluid t o  init iate combustion and a catalyst  to maintain combustion. 
The starting fluid, i n  this  case nitrogen tetroxide I is admitted into 
the combustion chamber by means of a pressurized cartridge and 
c a u s e s  ignition. The ca ta lys t ,  aluminum oxide pel le ts ,  is stored i n  
the combustion chamber, Burning s tops  when the valves turn off 
nitrogen pressure and fuel flow. 

The midcourse motor is so precise that it can  burn i n  bursts of 
as  l i t t le  as 50 milliseconds and can increase velocity by as  little 
as seven-tenths of a foot per second or as much as  187 feet per 
second. It has  a thrust of 50 pounds for a maximum of 57 seconds.  

After the midcourse maneuver has  put Mariner on the desired 
trajectory, the spacecraft  again goes trhough the  sun  and earth 
acquisition modes. 

During midcourse Mariner has been transmitting through the 
omni-antenna. When earth is acquired, the transmitter is switched 
to the  high-gain directional antenna. 
duration of the flight. 

This antenna will be used for the 



Mariner will continue i n  the cruise mode until planet encounter. 
During this  period, tracking data from the  three permanent DSIF 
s ta t ions will be  sent  to JPL where the 7090 computer system will re- 
fine the earlier calculations for planet encounter made at launch. 

The CC&S was programmed to begin the  encounter sequence ten 
hours in  advance of encounter. This allows t i m e  for calibration of 
the planetary encounter scientific instruments before encounter in the 
event that  the  spacecraft  might fail to perform the midcourse trajectory 
correction. 
could vary i n  t i m e  up to ten hours. 

if this  s h o d d  occur, the:: the 2redicted encounter t i m e  

Under any  circumstances,  the trackingcomputer system has  the 
capabili ty of predicting the  t i m e  of encounter to within 15 minutes. 

At  the  t en  hour period the CC&S will  switch out the engineering 
data sources ,  leaving on the interplanetary sc ience  experiments, and 
turn on the two planetary experiments. 
tific data will  be  collected and transmitted, 

During the fly-by, only scien-  

The radiometer will begin a fast search wide s c a n  until Venus is 
sensed  and then go into a slow scan,  The planetary experiments 
will  collect data on Venus for a half a n  hour as Mariner pas ses  the 
planet. 

The encounter mode of transmission--scientific data only--will 
continue 56 .7  hours after encounter. At the  end of this  period the 
CC&S will  switch on the engineering data  sources and ,  again i n  the 
c ru ise  mode, both engineering and interplanetary scientific data will  
be t ransmit ted.  



MARINER SCIENTIFIC EXPERIMENTS 

EXPERIMENTS DESCRIPTION EXPERIMENTERS 

Microwave 
Radiometer 

I n f r a r e d  
Radiometer 

Magnetometer 

Ion Chamber and 
P a r t i c l e  F l u  
Detector 

Cosmic Dust 
Detector 

S o l a r  Plasma 
S pe c t rome t e r 

Determine the  temperature of t he  
p lane t  surface and d e t a i l s  
concerning i t s  atmosphere. 

Determine any f i n e  s t r u c t u r e  of 
t h e  cloud l aye r .  

Measure changes i n  t h e  p lane tary  
and i n t e r p l a n e t a r y  magnetic 
f i e l d s  . 
Measure charged-part ic le  
i n t e n s i t y  and d i s t r i b u t i o n  , 

i n  in te rp lane tary  space and i n  
the  v i c i n i t y  of t h e  p lane t .  

Measure the  dens i ty  and d i r e c t i o n  
of cosmic dust .  

Measure t h e  i n t e n s i t y  of low 
energy protons from t h e  sun. 

D r .  A.H. Barret ,  Massa- 
chuse t t s  I n s t i t u t e  of 
Technology; D. E. Jones, 
JPL; Dr. J. Copeland, Army 
Ordnance Missi le  Command; 
D r .  A. E. L i l ley ,  Harvard 
College Observatory. 

D r .  L. D. Kaplan, J P L  and 
Universi ty  of Nevada; D r .  
G. Neugebauer, JPL; D r .  C .  
Sagan, Universi ty  of 
Cal i forn ia  at Berkeley. 

P. J. Coleman, NASA; D r .  L. 
Davis, Caltech; D r .  E. J. 
Smith, JPL; D r .  C .  P. Sonet t ,  
NASA. 

D r .  H. R .  Anderson, JPL;  
D r .  H. V.  Neher, Caltech; 
D r .  J. Van Allen, S t a t e  
Universi ty  of Iowa. 

W. M. Alexander, NASA 
Goddard Space F l i g h t  Center. 

M. Neugebauer, and D r .  C .  W.  
Snyder, JPL.  
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PIMUJER SCIETJTIFIC EXPE3IMEhTS 

The ? ; s r iner  spacecraf t  contains six s c i e n t i f i c  experiments represercing thr-. 
r'f0r;s ;f r , - i rnt i . , t s  a t  nine ? Ins t i tu t ions :  The Army Ordnance Missi le  Command, t h e  

C a l i f o r n i a  I n s t i i u t e  of Technology, t h e  Goddzrd Space F l i g h t  Cenwr, Harvard College 
Observatory, thc  J e t  PropLlsion Laboratory, t h e  Massachusetts I n s t i t u t e  of Technology, 
t h e  S t a t e  Universi ty  of Iowa, t h e  S t a t e  University of Nevaca, and t h e  Universi ty  of 
C a l l f z r n i a  a t  Eerkeley. 

The two p lane tary  experiments a r e  a microwave radiometer and an i n f r a r e d  
radiometer. They w i l l  operate  during a period of 30 minutes a t  dis tances  ranging 
frorn approximately 23, icOO m i l e s  t o  14,000 miles as Mariner approaches Venus. 
radiometers w i l l  ob t a in  information about the p l a n e t ' s  temperature and atmosphere. 

T'nese 

The o t h e r  experiments w i l l  make s c i e n t i f i c  measurements during t h r  t*:.uise 
They are a magnet- through i n t e r p l a n e t a r y  space arid i n  t h e  near v i c i n i t y  of Venus. 

ometer, charged p a r t i c l e  de t ec to r s ,  including an ion iza t ion  chamber and s e v e r a l  
Geiger-Mueller counters;  a cosmic dust de tec tor ;  and a s o l a r  plasma de tec to r .  

One of t h e  important considerations i n  choosing t h e s e  experiments w a s  t h e  
rompromise between what s c i e n t i s t s  would l i k e  t o  measure during t h e  mission, and 
what was technologica l ly  possible .  For example, of t h e  447 pounds t h a t  could be 
placed i n  a t r a j e c t o r y  t o  i n t e r c e p t  Venus, only about 41 pounds could be a l l o c a t e d  t o  
s c i e n t i f i c  experiments. 

Another r e s t r i c t i n g  f a c t o r  i s  time. Venus i s  i n  a favorable  p o s i t i o n  f o r  
i n v e s t i g a t i o n  b.i a Mariner-type spacecraf t  only during a few weeks per iod  every 
19 months. 

I n  addi t ion,  s c i e n t i s t s  w i l l  ask Mariner t o  convert e l e c t r i c a l  power from 
t h e  sunl ight ,  r epor t  i t s  f ind ings  from as f a r  as 36 m i l l i o n  miles,  and, though s e n s i -  
t i v e  and unattended, remain i n  p r e c i s e  working o rde r  f o r  t h ree  t o  f i v e  months i n  t h e  
void of  space. 

Although Venus i s  our c l o s e s t  p l m e t a r y  neighbor t h e r e  a r e  many th ings  aboat 
it t h a t  remain a mystery. 
clouds impenetrable i n  t h e  s m a l l  region of t h e  electromagnetic spectrum v i s i b l e  t o  t he  
eye. Spectrographic observations ( i d e n t i f i c a t i o n  of materials according t o  t h e  manner 
i n  which they  absorb and e m i t  l i g h t )  suggest t h a t  t h e  atmosphere of Venus contains  
carbon dioxide,  but  has probably l i t t l e  f r ee  oxygen o r  water vapor. 

Its surface i s  con t inua l ly  hidden under a nask of dense 

Earth-based temperature measurements have been made of Venus i n  t h e  micro- 
wave and i n f r a r e d  regions of t h e  electromagnetic spectrum. The forrner i n d i c a t e s  
near  su r face  temperatures of about 615 degrees FahrenheLt, while t h e  l a t t c r  shows 
readings of minus 38 degrees Fahrenheit  i n  t h e  upper atmosphere. Because of t he  
tremendous d i s t ances  over which these  measurements were made s c i e n t i s t s  cannot be c 11-t 

of t he  exact  a l t i t u d e  i n  t h e  atmosphere where t h e s e  temperature readings apply. 

A s  a result of t h e  frz ,meztsry infnrmat . inn  about Venus, s e v e r a l  t h e o r i e s  
have been proposed t h a t  attempt t o  explain t h e  na tu re  of t h e  atmosphere and t h e  
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reasor- f o r  t h e  wide range of temperatures measured. 

Some s c i e n t i s t s  be l i eve  t h a t  because of t he  carbon dioxide i n  t h e  atmosphere 
a "greenhouse'' e f f ec t  i s  c rea t ed  t h a t  holds most of  t h e  heat  absorbed from the  sun 
beneath t h e  t h i c k  blanket of clouds. 
vapor i s  present  i n  t h e  atmosphere of Venus, 

This t h e \ r y  r e l i e s  on the  assumption t h a t  w a k r  

Other s c i e n t i s t s  say t h a t  Venus has a n  ionosphere with an e l e c t r o n  dens i ty  
thousands of times t h a t  of t h e  e a r t h .  
could e a s i l y  mislead s c i e n t i s t s  measuring temperatures of Venus from ea r th .  

If t h i s  i s  t h e  case t h i s  l a y e r  of e l ec t rons  

Another theory states t h a t  Venus i s  heated by f r i c t i o n  produced by high winds 
and dust c loEds. 

There are  s t i l l  o t h e r  t h e o r i e s  t h a t  descr ibe Venus as a swamp, a CL -.ert 
covered wi th  o i l  and smog, and containing carbonated water. 

One of the  missions of t h e  Mariner spacecraf t  w i l l  be t o  make s e v e r a l  
s c i e n t i f i c  measurements of t h e  p l ane t  which may s u b s t a n t i a t e  one of t h e s e  theo r i e s ,  
o r  c a l l  f o r  t h e  formulation of a new one. 

During the  c r u i s e  and encounter of Venus, t h e  Mariner w i l l  be te lemeter ing 
information t o  earth.  A s  t h e  sensors  of t h e  s ix  experiments receive ir,foLlnation 
they f eed  it t o  a da t a  conditioning system (DCS), which i s  loca t ed  i n  one of t h e  
modules i n  t h e  hexagonal base of t h e  spacec ra f t .  The DCS prepares information from 
t h e  experiments f o r  transmission t o  e a r t h  i n  t h e  form of a d i g i t a l  code. 

Since a l l  of t h e  d a t a  c o l l e c t e d  by Mariner cannot be t r ansmi t t ed  a t  t h e  
same time, an e l ec t ron ic  clock has been b u i l t  i n t o  t h e  DCS. This clock con t ro l s  
t h e  equipment so t h a t  t h e  r e c e i v e r  " l i s t e n s t '  t o  one experiment a t  a time f o r  about 
one second. After 20.16 seconds t h e  DCS switches o f f  the s c i e n t i f i c  te lemetry and 
starts t o  send spacecraft  engineering d a t a  f o r  16.8 seconds. 
t inued  during t h e  c r u i s e  i n  i n t e r p l a n e t a r y  space. 

This cycle i s  con- 

Beginning at  t e n  hours before  it passes Venus, however, t h e  spacecraf t  
devotes i t s  telemetry system t o  t h e  fu l l - t ime  t ransmission of s c i e n t i f i c  information 
from i t s  s i x  experiments. 

The in t eg ra t ion  of t h e  s c i e n t i f i c  experiments and t h e  generation of a 
number of t h e  experiments w a s  c a r r i e d  out a t  JPL under t h e  d i r e c t i o n  of D r .  M. E imer .  
JPL p r o j e c t  s c i e n t i s t  w a s  R .  C .  Wyckoff and J. S. Martin w a s  responsible  f o r  t h e  
engineering of s c i e n t i f i c  experiments. 

THE EXPERIMENTS: 

MICROWAVE RADIOMETER 

This  experiment should help t o  resolve two v i t a l  questions about Venus: 
what i s  t h e  atmosphere l i k e ,  and what i s  t h e  temperature of t h e  surface.  

A s  t h e  Mariner spacecraf t  f l i e s  p a s t  Venus, t h e  microwave radiometer w i l l  
scan i t s  s u r f a c e  t o  d e t e c t  electromagnetic r a d i a t i o n  a t  two wave lengths ,  13.5 and 
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19 mill imeters .  I n  the  electromagnetic spectrum 13.5mm i s  the  loca t ion  of a micro- 
wave water absorpt ion band. 
- t ion i n  t he  atmosphere it w i l l  be possible t o  de t ec t  it. 

If the re  i s  water vapor above c e r t a i n  minimal concentra- 

The 1- wave length,  however, is not  a f fec ted  by water vapor, and should 
be capable of "seeing" through the  atmosphere t o  t h e  surface.  

S c i e n t i s t s  studying the  r e s u l t s  of t h i s  experiment w i l l  be a b l e  t o  de- 
teL-,ine whether v a t e r  v q c r  e x i s t s  i n  t h e  Venlusisn atmnsphere by noting the  d i f f e r -  
ence i n  temperatures obtained from measurements a t  t h e  two wave lengths.  

The 19mm wave length,  i n  addition t o  measuring t h e  surface temperature may 
be a b l e  t o  t e s t  two of the  t h e o r i e s  about t he  atmosphere of Venus by d e t e c t i n g  one 
of two conditions c a l l e d  "limb brightening" o r  "limb darkening. ' I  

The former e f f e c t  may be detected i f  t h e  apparent high temperatures a r e  due 
t o  a dense ionosphere. As t h e  microwave radiometer scans the  planet  it would de- 
t e c t  l a r g e r  concentrat ions of e lec t rons  around the  limb o r  edge of t he  p lane tary  d isk .  
This i s  somewhat analogous t o  looking at the  e a r t h  from thousands of miles out i n  
space on a day when it w a s  completely covered wi th  a f i n e  m i s t .  
more evident  at  the  limbs than i n  the  center, s ince  t h e  observer would be looking 
through a t h i c k e r  concentrat ion of t he  mist a t  t h e  limb. 
microwave radiometer would d e t e c t  e f f ec t s  of g r e a t e r  i n t e n s i t y  around t h e  l i m b  of 
Venus. 
o r f g i n a t e  from t h e  surface.  I n  t h i s  case a limb-to-limb scan would show a gradual 
increase  and decrease of temperature readings. 

The m i s t  would be 

I n  much t h e  same way, t h e  

On t h e  o t h e r  hand, limb darkening would i n d i c a t e  t h a t  t h e  high temperatures 

The microwave radiometer i s  mounted on t h e  hexagonal base of t h e  Mariner. 
Both wzve lengths  are detected by a parabolic antenna that  i s  20 inches i n  d i a n e t e r  
and t h r e e  inches deep. 

A t  t e n  hours p r i o r  t o  Venus encounter t h e  radiometer i s  turned on. 
Driven by an e l e c t r i c  motor it starts a scanning o r  nodding motion of 120 degrees 
a t  the  r a t e  of one degree per  second. 
L I E  p lane t  t h e  DCS sends a coimand to s low t h e  scan rate t o  1/10 of a degree per  
secLnd. 

When i t s  s igna l s  determine t h a t  it has acquired 
CL - 

I n  order  t o  confine i t s  a t t en t ion  t o  t h e  p l a n e t ' s  disk,  a s p e c i a l  command 
systi.m has bdcn b u i l t  i n 5 0  t he  DCS. Whenever the  radiometer ind ica tes  that  i t  has 
r iwh t ld  the l i m b  and is ?bout t o  lock  c u t  i n t o  mace ,  the DCS reverses  the  direcr,ion 
of the: scan. 

I n  t h i s  mode it scans Venus fo r  a b u b i  30 minutes. Since the  spacecraf t  
W i l l  be going roughly i n  t h e  d i r e c t i o n  of t h e  sun, the radiometer will f i r s t  Scan 
p a r t  of t he  dark s i d e  of Venus and then p a r t  of t h e  s u n l i t  s ide .  

The microwave antenna i s  only capable of moving i n  a nodding motion. 
Lateral movement is  provided by t h e  motion of t h e  spacecraf t  across  the face Of 
GL,. 
ClllC plane t .  

A s  the  r a d i a t e d  microwave energy i s  c o l l e c t e d  by t h e  parabol ic  antenna 
it is focused onto a rece iv ing  horn located opposi te  t he  face of t h e  a n t e n n a  on 



a quadripod. 
quadripod c a l l e d  wave guides. 

The energy from both wave lengths  t r a v e l  down two hollow legs  of the  - 

Located on t o p  of t he  antenna a r e  two reference horns t h a t  a r e  matched t o  
receive t h e  same two microwave bands as the  parabol ic  antenna. 
an angle of 60 degrees away from the  a x i s  of t he  d i s h  antenna, and consequently a r e  
always looking at empty space. 

These horns poin t  at  

The s ignals  from t h e  d i s h  antenna and t h e  reference horns a r e  a l t e r n a t e d  
or chopped e lec t ronica l ly .  Then they a r e  sent  t o  a c r y s t a l  video type rece iver  
loca ted  behind the d i s h  antenna. Thus, t h i s  rece iver  measures the difference be- 
tween t h e  s igna ls  from Venus and the  reference s igna ls  from space. 

T h i s  information i s  then telemetered t o  ear th .  

The microwave radiometer weighs 23.8 pounds and requires  3.5 w a t t s  of 
power when operating, and 8.9 watts during ca l ib ra t ion .  The c a l i b r a t i o n  sequences 
a r e  automatically i n i t i a t e d  by the  DCS a number of times during the  mission. 

Experimenters on the  microwave radiometer a r e  D r .  A.  H. Ba r re t t ,  
Massachusetts I n s t i t u t e  o f  Technology, D r .  J. Copeland, Army Ordnance Missi le  Com- 
mand, D. E. Jones, J e t  Propulsion Laboratory, and D r .  A .  E. L i l ley ,  Harvard College 
Observatory . 

INFRARED RADIOMETER 

This i s  a companion experiment t o  t h e  microwave radiometer. As t he  
Mariner spacecraf t  f l i e s  p a s t  Venus simultaneous measurements from the  two exper i -  
ments w i l l  enable s c i e n t i s t s  t o  ge t  a b e t t e r  idea  of t he  temperature and atmos- 
pher ic  conditions of t h e  p lane t .  

The inf ra red  radiometer i s  r i g i d l y  at tached t o  t he  microwave antenna. 
I n  th i s  way both scan the  same surface a reas  of Venus. 

The inf ra red  experiment operates  i n  t he  8 t o  9 and t h e  10 t o  10.8 micron 
wave length  regions of  the  electromagnetic spectrum. 

Measurements from e a r t h  i n  t h e s e  two wave lengths  i n d i c a t e  temperatures 
below zero. It is  not c l e a r  t o  s c i e n t i s t s  whether a l l  of t h i s  r a d i a t i o n  comes from 
t h e  cloud tops,  o r  whether some of it eminates from t h e  atmosphere or plane tary  
surface.  

The close approach of Mariner t o  Venus may enable s c i e n t i s t s  t o  measure 
This w i l l  p r imar i ly  involve f i n d i n g  some of t he  f i n e r  d e t a i l s  of t he  atmosphere. 

out if t h e r e  a r e  any "breaks" i n  t h e  cloud cover of Venus, and i f  so,  t he  amount of 
heat  that escapes through them i n t o  space. For many years  some astronomers have 
been ab le  t o  see  occasional ly  some kind of markings on Venus' cloud cover that  change 
with no apparent regular i ty .  The l a c k  of r e g u l a r i t y  i n  these  markings has l e f t  t h e i r  
na ture  i n  doubt. 

If these markings a r e  indeed cloud breaks, they w i l l  s tand out with 
g r e a t e r  c o n t r a s t  i n  t he  i n f r a r e d  than i f  observed i n  the  v i s i b l e  p a r t  of the 
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spectrum. If the  rad ian t  energy detected by t h i s  e-qeriment comes from the  cloud 
top, and t h e r e  are no breaks, then t h e  temperatures obtained a t  both i n f r a r e d  wave 
lengths  w i l l  follow a similar pa t te rn .  

If t h e r e  are appreciable  breaks i n  t h e  clouds a s u b s t a n t i a l  d i f fe rence  
w i l l  be de tec ted  between measurements a t  the two wave lengths .  

The reason f o r  t h i s  is  t h a t  i n  the  8 t o  9 micron region t h e  atmosphere 
In  the  10 t o  10.8 micron region, t h e  lower i s  transparent,  (except f o c  clouds).  

atmosphere i s  hidden b Through a cloud break the 
former would penet ra te  t o  a much lower point i n  t h e  atmosphere. 
temperatures from both regions, combined w i t h  microwave data, s c i e n t i s t s  w i l l  have 
a more d e t a i l e d  p i c t u r e  of conditions on Venus. 

t h e  presence of carbon dioxide.  
By a comparison of 

The i n f r a r e d  radiometer i s  s i x  inches long and two inches wide. It weighs 
2.7 pounds and consumes two watts of power. 

It contains  two o p t i c a l  sensors, one of which scans the  sur face  of Venus 
while the o t h e r  ob ta ins  reference readings from space. 
angle of 45 degrees away from t h e  planetary scanner. 

The la t te r  i s  aimed at  an 

Radiation from Venus i s  col lected by two f/2.4 o p t i c a l  systems with t h r e e  
inch f o c a l  lengths .  
through a r o t a t i n g  d i s k  with two apertures .  
sensing devices can a l t e r n a t e l y  see  Venus and empty space. 
chopped i n  t h i s  way at  t h e  r a t e  of 20 cycles p e r  second. 

As t h e  i n f r a r e d  energy en te r s  t h e  o p t i c a l  system it first passes  
These are posi t ioned so t h a t  t h e  two 

The i n f r a r e d  beam i s  

A f t e r  t h e  beam passes  the disk,  it i s  s p l i t  by a dichroic  f i l t e r  i n t o  t h e  
two wave l e n g t h  regions,  A second p a i r  of f i l t e r s  f u r t h e r  r e f ines  t h e s e  wave lengths  
before  t h e y  reach t h e  radiometers sensing devices.  
thermis tor  bolometers, which are sens i t i ve  t o  i n f r a r e d  energy. 
put  from these d e t e c t o r s  i s  amplified and sen t  t o  t h e  Mariner's DCS f o r  processing 
and t ransmission t o  ear th .  

The sensing devices a r e  two 
The e l e c t r i c a l  ou t -  

E q e r i m e n t e r s  on the i n f r a r e d  radiometer are D r .  L. D. Kaplan, and D r .  G. 
Neugebauer, of t h e  Je t  Propulsion Laboratory, and D r .  C .  Sagan, of t h e  Un ive r s i ty  of 
C a l i f o r n i a  a t  Berkeley. 

MAGNETOMETER 

The magnetometer aboard Mariner is designed t o  measure the  s t r e n g t h  and 
d i r e c t i o n  of i n t e r p l a n e t a r y  and Venusian magnetic f i e l d s .  

Many s c i e n t i s t s  be l ieve  t h a t  the magnetic f i e l d  of a p lane t  i s  due t o  a 
f l u i d  motion i n  i t s  i n t e r i o r .  If such a Venusian f i e l d  e x i s t s  then it could be 
de t ec t ed  as Mariner approached the  p lane t ,  This would depend, of course, on the  
s t r e n g t h  of t h e  f i e l d  and t h e  d is tance  of Mariner a t  encounter. 
of Mariner w i l l  permit the measurement of i n t e r p l a n e t a r y  magnetic f i e l d s  and any 
v a r i a t i o n  with respect  t o  time and distance from t h e  sun. 

Also t h e  t r a j e c t o r y  
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Present-day theo r i e s  of magcetohydrodynm’~s--the study of t he  r e l a t i o n  
between t h e  motion o f  charged particles and thc niagnctic f i e l d  which surrounds them-- 
say t h a t  t h e  plasma which flows away from t h e  SUT- should drag with it the  l o c a l  s o l a r  
magnetic f i e l d ,  s i n c e  t h e  motion of charged p a r t i c l e s  not only responds t o  but a l s o  
c rea t e s  magnetic f i e l d s .  The mathematical descr ip t ion  of t h i s  i n t e rac t ion  between t h e  
stream of charged p a r t i c l e s  leaving t h  sun and the  magnetic f i e l d  which surrounds 
t h e  s u r  i s  extremely complicated. The theo r i e s  which have been used t o  descr ibe these  
phenomena a r e  incomplete and of ten  contradictory.  

The measurement of i n t e rp l ane ta ry  magnetic f i e l d s  by Mariner w i l l  be 
combined with simultaneous measurements from e a r t h  t o  help s c i e n t i s t s  understand 
something about the i n t e r - r e l a t i o n s h i p s  of these  f i e l d s .  

Moreover, by inves t iga t ing  t h e  magnitude of any Venusian f i e l d  it may be 
poss ib le  t o  draw some conclusion about t h e  i n t e r i o r  of t h e  p lane t ,  as wel l  as about 
p lane tary  r a d i a t i o n  b e l t s ,  magnetic storms, and aurorae.  

The magnetometer i s  a t h r e e  a x i s  f luxgate  type.  The sensors of t h e  
experiment a r e  housed i n  a metal  cy l inder  s i x  inches long and th ree  inches i n  diam- 
e t e r .  It i s  located j u s t  below the  Mariner’s omnidirectional antenna. I n  t h i s  way 
t he  sensors  are as far away as poss ib l e  from any spacecraf t  components that may have 
magnetic f i e l d s  associated with them. 

Ins ide  the cyl inder  a r e  t h r e e  mu-metal tubes,  each a l l i gned  along a 
d i f f e r e n t  a x i s .  Each tube has two windings of copper wire around it, much t h e  same 
as some transformers.  The primary winding leads  from a frequency o s c i l l a t o r  which 
produces a cur ren t ,  The secondary winding leads t o  an ampl i f ie r .  

I n  t h e  absence of a magnetic f i e l d  t h e  cur ren t  induced i n  t h e  secondary 
winding has a spec ia l  symmetrical wave shape. 
changes t h e  symmetry of t h i s  wave and produces a component with amplitude i n  
proport ion t o  t h e  f i e l d  s t rength .  
i n t e r f e rence  from the spacecraf t .  This renders t h e  th ree  a x i s  of t h e  instrument 
s e n s i t i v e  t o  3 gamma, o r  a f i e l d  s t r eng th  roughly 100,000 times weaker than t h a t  of 
t he  ea r th .  

The presence of a magnetic f i e l d  

A t h i r d  winding around t h e  rods prevents magnetic 

The magnetometer weighs 4.7 pounds and consumes s i x  w a t t s  of power. 

Experimenters a r e  P.  J. Coleman and D r .  C. P. Sonet t  of t he  National 
Aeronautics and Space Administration, and D r .  L. Davis and D r .  E. J. Smith of JPL. 

HIGH ENERGY RADIATION EXPERIMENT 

T h i s  experiment cons i s t s  of an ion iza t ion  chamber and a group of t h ree  
Geiger-Mueller tubes. 
energe t ic  p a r t i c l e s  i n  in t e rp l ane ta ry  space and near  Venus, 

Together they  w i l l  measure the  number and i n t e n s i t y  of 

These p a r t i c l e s  a r e  pr imar i ly  cosmic rays, which a r e  made up of protons 
( t h e  nuc le i  of hydrogen atoms), alpha p a r t i c l e s  ( t h e  nuc le i  of helium atoms), the  
nuc le i  of heavier  atoms, and e lec t rons .  
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The measurement of these  p a r t i c l e s  may cont r ibu te  s i g n i f i c a n t l y  t o  the  
knowledge of hazards t o  manned space f l i g h t .  

S c i e n t i s t s  have theorized t h a t  the sun has a pronounced e f f e c t  on cosmic 
rays. 
plasma race outward from t h e  sun. These plasma clouds, or s o l a r  wind, carry along 
magnetic f i e l d s .  I n  a r a t h e r  complicated manner, not f u l l y  understood b s c i e n t i s t s  
t h e  plasma's magnetic f i e l d s  i n t e r a c t  with those of t h e  sun and p lane ts .  S c i e n t i s t s  
have not lced t h a t  f=ll=.h",ng t h i s  solar a c t i v i t y ,  t he re  i s  a considerable change i n  
t h e  charac te r  of t he  rad ia t ion  t h a t  reaches t h e  ear th .  

During s o l a r  a c t i v i t y  (sun spots or f l a r e s ) ,  for example, huge quan t i t i e s  of 

Unfortunately, because of our atmosphere and magnetic f i e l d ,  we cannot 
measure a l l  of these complicated in te r - re la t ionships  from ear th .  We must take measure- 
ments from spacecraf t  t r a v e l i n g  far from the ear th .  
t h i n g  about t h e  sun ' s  inf luence on rad ia t ion ,  

I n  t h i s  way we may l ea rn  some- 

A decrease i n  t h e  number and i n t e n s i t y  of cosmic r a d i a t i o n  detected as we 
go c l o s e r  t o  t h e  sun would ind ica te  t h a t  the sun's magnetic f i e l d  i s  d e f l e c t i n g  
cosmic rays away from t h e  s o l a r  system, 

Thus by comparing the  i n t e n s i t y  of magnetic f i e l d s ,  with the  amount of 
cosmic r a d i a t i o n  a t  ear th ,  Venus, and i n  in te rp lane tary  space, some ins igh t  may be 
gained t o  t h e s e  complicated in te r - re la t ionships .  

I The i o n i z a t i o n  chamber i s  of t h e  Neher type.  It cons i s t s  of a f ive- inch-  
in-diameter s t a i n l e s s  s t e e l  s h e l l  with a wall thickness  of 1/100 of an inch. The 
sphere i s  f i l l e d  with argon gas and i s  located on the  supers t ruc ture  of Mariner. 
Ins ide  t h e  sphere a quartz  f i b r e  i s  placed next t o  a quartz  rod. I n i t i a l l y ,  both 
f i b r e  and rod have t h e  same e l e c t r i c  po ten t i a l .  

As charged p a r t i c l e s  p e n e t r a t e  the w a l l  of t he  sphere they leave behind a 
wake of ions i n  t h e  argon gas. 
s t a t i c  e l e c t r i c  charge, This causes the  bibre  t o  be a t t r a c t e d  t o  the  rod i n  pro-  
por t ion  t o  t h e  amount of t he  charge. Eventually, as the  charge increases  the  two 
t o x h .  
rod i s  recharged, and t he  f i b r e  re turns  t o  i t s  s t a r t i n g  pos i t ion .  

Negative i o n s  accumulate on t h e  rod, giving it a 

This p r o d w e s  aT: e l e c t r i c  pulse  which i s  amplified and sen t  t o  ear th .  The 

I n  order  t o  pene t ra te  t he  w a l l  of t he  i o n i z a t i o n  chamber, p a r t i c l e s  must 
have an  energy g r e a t e r  than 10 mi l l ion  electron v o l t s  (MeV)  f o r  protons, 3 Mev f o r  
e lec t rons ,  and 40 Mev f o r  a lpha p a r t i c l e s .  

T h i s  instrument measures t h e  r a t e  of i o n i z a t i o n  of cosmic rays. 

Two of t h e  GM tubes are considered companion instruments t o  the  i o n i z a t i o n  
They can be d i r e c t l y  pene t ra ted  by p a r t i c l e s  above t h e  same energy l e v e l s  chamber. 

as t h e  chamber, and can count t h e s e  p a r t i c l e s .  

Both tubes cons i s t  of an enclosed volume of gas w i t h  two electrodes,  a t  
The w a l l  of t h e  tubes serve as t h e  negative a d i f f e r e n t  e l e c t r i c a l  pot.ent,fal. 

e lec t rode  and a t h i n  c e n t r a l  wire i s  the p o s i t i v e  e lec t rode .  
cur ren t  p u l s e  each t i m e  a charged p a r t i c l e  en te r s .  

The tubes generate  a 
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The second tube has a beryll ium s h i e l d  24/1000 of an inch t h i c k .  Both tubes 
are 2.3 inches long and .6 of an inch i n  diameter. 
it w i l l  be  possible  for  s c i e n t i s t s  t o  i n f e r  t h e  r a t i o  of e l ec t rons  t o  o the r  p a r t i c l e s .  
These two GM counters along with t h e  ion iza t ion  chamber make it poss ib l e  f o r  s c i e n t i s t s  
to measure t h e  flux ( v e l o c i t y  times t h e  dens i ty )  and the  average amount of i on iza t ion  
of p a r t i c l e s .  

Because of t he  difference i n  sh i e lds ,  

A t h i r d  GM sensor  i s  of the end window type. It measures t h e  f l u x  of 
p a r t i c l e s  not capable of pene t ra t ing  t h  o t h e r  de t ec to r s .  The window i s  made of mica 
and admits protons with energies g r e a t e r  than one MeV, e l ec t rons  over 40 thousand 
e l e c t r o n v o l t s .  

A magnesium s h i e l d  around t h e  rest of thi  GM tube permits passage of 
protons over 20 Mev and e l ec t rons  over 1 MeV. This gives t h e  counter t h e  a b i l i t y  t o  
determine 

they w i l l  
p a r t i c l e s  

t h e  approximate d i r e c t i o n  of  p a r t i c l e s  which pene t r a t e  only t h e  window. 

The GM detectors  are mounted on t h e  supe r s t ruc tu re  of the spacec ra f t  where 
be as far as poss ib l e  from l a r g e  masses t h a t  tend to produce secondary 
when s t ruck by cosmic rays.  

The t h ree  GM tubes protrude from a box t h a t  houses t h e i r  e l e c t r o n i c  
c i r c u i t r y .  
end window GM tube i s  i nc l ined  a t  an angle cf 20° from t h e  o the r  two tubes .  

The box is  s i x  inches w i d e ,  s i x  inches long and two inches t h i c k .  The 

The t o t a l  weight of both experiments i s  2.78 pounds and they  consume 4/10 
of  a w a t t .  

Experimenters a r e  Dr. H. R.  Anderson of JPL, D r ,  H .  V. Neher of Caltech, 
and D r .  James Van Al len  of t h e  S t a t e  Universi ty  of Iowa. 

SOLAR PLASMA DETECTOR 

The purpose of t h i s  experimeot i s  t o  determine t h e  flow and d e n s i t y  of 
s o l a r  plasma and the energy of i t s  p a r t i c l e s .  

S o l a r  plasma i s  f requent ly  c a l l e d  " s o l a r  wind" and c o n s i s t s  of charged 
p a r t i c l e s  that a r e  cont inual ly  streaming outward from t h e  sun. Since d i r e c t  measure- 
ments such as t h e  one on Mariner have been infrequent ,  s c i e n t i s t s  know very l i t t l e  
about t h e  s o l a r  plasma. Some f e e l  t h a t  it i s  merely an extension of t h e  sun's 
atmosphere, or corona. Although t h e r e  a r e  many theo r i e s ,  some conf l i c t ing ,  we do,know 
t h a t  during s o l a r  a c t i v i t y  (sun spo t s  o r  f l a r e s )  the f l u x  of plasma increases .  

One of the most complicated and i n t e r e s t i n g  areas of space science i s  
t h e  s tudy of how s o l a r  plasma i n t e r a c t s  wi th  t h e  magnetic f i e l d s  i n  space. 
t h e  plasma c a r r i e s  an e l e c t r i c a l  charge, it not only i s  a f f ec t ed  b ,  magnetic f i e l d s ,  
bu t  a l s o  c r e a t e s  one of i t s  own. 

Since 

If a f i e l d  i s  s t rong  enough it may c o n t r o l  and d i v e r t  t h e  s o l a r  winds, 
and, conversly, i f  t h e  e l e c t r i c a l  energy i n  the plasma i s  g r e a t  enough, t h e  p lane tary  
magnetic f i e lds  may be trapped i n  t h e  cloud and move with it through space. 
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Therefore, t o  s tudy t h e  complex in t e r r ac t ions  between solar wind and mag- 
n e t j c  f i e l d s ,  space probes t h a t  c a r r y  plasm5 experiments genera l ly  c a r r y  magnetometers. 

Most p a r t i c l e  de t ec to r s  are designed t o  operate  in s ide  a sea led  tube and 
t h e  tube w a l l s  keep out very low energy pa r t i c l e s .  
Mariner, however, i s  open t o  space and can co l l ec t  and measure posi t ively-charged 
p a r t i c l e s  of very low ene rw.  

The s o l a r  plasma de tec to r  on 

The sensor  f o r  t h i s  experiment i s  mounted on t h e  outs ide  of one of t h e  
e l e c t r o n i c  boxes i n  t h e  base of t he  Mariner. 
along t h e  roll axis of t h e  spacecraf t ,  and during most of t he  mission w i l l  be f ac ing  
t h e  s - a .  

The ape r tu re  of tne anaiyzer  i s  pointed 

A s  a charged p a r t i c l e  en te r s  t h e  analyzer it f inds  i tself  i n  a curving 
tunnel .  T'ne two sides of %his  t-mml are metal p l a t e s  csr~y ing  s t a t i c  e l e c t r 5 c  
charges--one negative,  and t h e  o the r  pos i t ive .  
by one p l a t e  and r epe l l ed  by the  other ,  and so follows a curved pa th  down t h e  
curved tunnel ,  
o r  t h e  other ,  bu t  i f  it i s  moving a t  j u s t  the r i g h t  speed, it passes t o  t h e  end and 
i s  de tec ted  by a charge c o l l e c t i n g  cup. 
of charged p a r t i c l e s  i s  measured by a very s e n s i t i v e  electrometer  c i r c u i t .  

The charged p a r t i c l e  i s  a t t r a c t e d  

If it is moving too  slowly o r  t o o  rapidly,  it runs i n t o  one w a l l  

The e l e c t r i c  cur ren t  produced by the  flow 

Thus, a l l  t h e  p a r t i c l e s  moving i n  t h e  r ing  d i r e c t i o n  t o  e n t e r  t h e  tunnel  
and moving with t h e  r i g h t  speed t o  g e t  a l l  the  way through w i l l  be detected.  

Pe r iod ica l ly  t h e  amount of voltage on t h e  p l a t e s  is changed and a 
d i f f e r e n t  energy i s  required by t h e  p a r t i c l e s  t o  ge t  through t o  t h e  c o l l e c t o r  cup. 
The vol tage i s  automatical ly  changed t e n  times. I n  t h i s  way it i s  poss ib le  t o  
measure a spectrum of p a r t i c l e  energies  of 240 t o  8400 e l ec t ron  v o l t s .  

The plasma de tec to r  has a t o t a l  weight of 4.8 pounds and a power requi re -  
ment of 1 w a t t .  Experimenters a r e  D r .  Z. W. Snyder and M. Neugebauer of JPL. 

COSMIC DUST DETECTOR 

This experiment i s  designed t o  measure t h e  f l u x  and momentum of cosmic 
dus t  i n  i n t e r p l a n e t a r y  space and around Venus. 
s tanding  of t h e  hazards of manned f l i g h t  through space. 

It may cont r ibu te  t o  an under- 

This information w i l l  help s c i e n t i s t s  i n  understanding t h e  h i s t o r y  and 
evolu t ion  of t h e  solar system. 

There a r e  many theo r i e s  aboilt these dus t  p a r t i c l e s .  One i s  t h a t  when 
t h e  s o l a r  system was formed b i l l i o n s  of years ago by t h e  condensation of a huge cloud 
of gas and dust ,  t hese  cosmic p a r t i c l e s  were deb r i s  l e f t  over, or they  could be remnants 
of comets t h a t  rush through the  solar system leaving  a t r a i l  of dust  behind. Some 
s c i e n t i s t s  be l i eve  cosmic dus t  has i t s  or ig in  i n  g a l l a c t i c  space and i s  somehow trapped 
by t h e  i n t e r a c t i o n  of magnetic f i e l d s  from the  sun and pianets. 
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Sc ien t i s t s  have been t r y i n g  t o  study cosmic dust recent ly  with e a r t h  
sat ,eLl i tes  and sounding rockets,  but  Mariner may provide the  f i rs t  da ta  on i t s  
d i s t r i b u t i o n  i n  in te rp lane tary  space. 

The experiment i s  loca ted  on the  top af Mariner's hexagonal bus. It 
cons i s t s  of a rectangular magnesium "sounding board" f i v e  inches wide and 10 
inches long. 
a c o u s t i c a l  device measures the  impact of p a r t i c l e s  of cosmic dust .  

A c r y s t a l  microphone i s  located i n  t he  center  of t h i s  p l a t e .  This 

A s  a p a r t i c l e  h i t s  t he  a c o u s t i c a l  p l a t e  it i s  recorded by the  microphone 
whose output exci tes  a v o l t a g e - s e n s i t i v e  amplif ier .  The number of dust  p a r t i c l e s  
s t r i k i n g  the  p l a t e  i s  recorded on two counters, one f o r  p a r t i c l e s  w i t h  high momen- 
t u m  and one f o r  p a r t i c l e s  with low momentum. 

Dur ing the  c ru i se  p a r t  on the  t r a j e c t o r y  the  d a t a  conditioning system 
w i l l  read out the counters every 37 seconds and te lemeter  t h i s  t o  the  ground. 
During p lane tary  encounter t h e  counting rate w i l l  be reduced t o  20-second in t e rva l s .  

The cosmic dust  d e t e c t o r  weighs 1.85 pounds and consumes .08 m i l l i w a t t s  
of power. 
Greenbelt, Maryland, under t h e  d i r e c t i o n  of W. M. Alexander. 

It was designed by a group at NASA's Goddard Space F l i g h t  Center, 
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VENUS TRAJECTORY 

The boost portion of the Mariner mission cons is t s  of three phas;:. 
ascent  into a circular parking orbit of approximately 115 miles,  coas t  111 

the parking orbit to  a pre-determined point i n  space, and reignition of tr.e 
Agena to  boost the spacecraft  out of the parking orbit to  greater than e ' . ~  ""ape 
speed.  

The Atlas D/Agena B space  booster will r i se  vertically and pitci; 
over in the required direction determined by the exact  time of launch. 
The  vehicle wi!l gain speed acd altitnde until a signal from t h e  around 
guidance system commands shutdown of the Atlas engines and separatior. 
of the AgendMariner from the Atlas. The Agena engine ignites after a 
short coas t  period and accelerates  itself and t h e  spacecraft  into the parkin? 
orbit a t  a speed of about 18,000 mph. 

The Agena/Mariner will be traveling in  a southeasterly direction 
over the Atlantic Ocean towards the coas t  of South Africa. J u s t  before 
reaching Africa, at a point in  space  determined by the launch d a t e ,  time 
of launch, and desired flight time to Venus, t he  Agena engine will re-ignite 
and accelerate  the spacecraft  t o  a speed of about 2 5 , 5 0 3  mph. 

Shortly after the Agena engine shuts  down, the Mariner spacecraft  
is separated from the Agena. This is "injection." The speed of t h e  space- 
craft exceeds the e scape  velocity at this  alt i tude by 898 mph and the 
spacecraf t  moves off in the hyperbolic orbit relative to  earth. 
the rapid change of alt i tude,  t h e  rate a t  which i t  moves around the earth 
decreases  until i t  is traveling essentially in a straight l ine outward from 
earth.  Dtring the time from injection to e scape ,  the radius vector from 
the  ear th ' s  center  to the spacecraf t  moves through an  angle of about 148'. 

Because of 

At the  same time it is moving out,  the spacecraft  is slowing dowr, 
relative to earth because of ear th 's  gravity. When i t  reaches a dis tance 
of about 600,000 miles,  after about three days ,  and h a s  essent ia l ly  
"escaped  earth" , th.? velocity will have decreased from the original 2 5 , 5 0 3  
mph to 6874 mph. The time and direction of the second Agena burn will 
have been chosen so tha t  this  velocity relative to earth is in a direction 
opposite t o tha t  of t h e  earth in its orbit about the sun .  Thus,  the space-  
craft  will be moving about the sun 6874 mph slower than the ear th ' s  
approximate 6 6 , 0 0 0  mph; that is, about 5 9 , 4 2 6  mph. 

Because of t h e  lower orbital velocity about the sun,  the space= 
craft  will be moving too slowly to  maintain a circular orbit against  the scn 's  
gravity. It wi l l ,  therefore, s tar t  falling inward toward the orbit of Venus  . 
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The combination of the inward motion and the circular motion around the 
sun  produces an ecliptic orbit that will intersect the orbit of Venus some 
116 days later. 

About eight days  after launch the accumulated tracking da ta  will 
be used to compare the trajectories of the spacecraft  with the trajectory 
necessary to provide the planned Venus encounter. The  midcourse maneuver 
will depend on the difference between these  two trajectories.  

Now Mariner will begin to curve in towards the sun  and gradually 
increase its speed. Eventually, due to  the inward curving path, Mariner's 
speed will exceed that of the earth and it will ca tch  u p  and pass  earth. 
Later, it will catch up with rapidly moving Venus, appmaching the planet on 
i t s  dark s ide  at a speed of more than 8 4 , 0 0 0  mph relative to t h e  sun. 

Entering the sphere of gravitational influence of the planet,  Mariner's 
path will begin to be deflected due to i t s  pull. Its speed will be increased 
even greater,  reaching over 91,600 mph relative t o  the sun ,  as i t  passes 
Venus on i t s  sunny s ide  at a dis tance of about 10,000 m i l e s  from the sur- 
face. 
past  the planet. 

In addition, Mariner 's  path will be bent about 40 degrees in traveling 

At about 65 minu tes  before c loses t  approach, or a t  a dis tance of 
18,600 m i l e s  from the planet ' s  surface,  the planetary experiments will begin 
to  scan  Venus. They will operate for 30 minutes, after which the mission 
is officially over. 

The path of t h e  spacecraft  in the vicinity of Venus has  been designed 
so that Venus wi l l  not block the spacecrafts view of either the sun  or earth.  
This is necessary to insure cont inuos  communication with earth and proper 
functioning of the sun and earth sensors .  The latter provide reference 
directions for attitude control of the spacecraf t .  T h e  communication dis tance 
a t  the t i m e  of arrival is about 36 million m i l e s .  

After leaving the sphere of influence of Venus, the spacecraf t  will  
have even greater speed than when it entered. 
a n  increase in  energy and speed due to the bending of i t s  course by Venus. 
This phenomenon is similar to that sometimes experienced by comets which 
travel too close t o  the planet Jupiter. The energy increase is sometimes 
sufficient t o  cause the comet to escape the solar system. Such will not be 
the  case for Mariner however. 

In e s s e n c e ,  i t  will experience 



Designing an interplanetary trajectory is a complex task  that taxes 
the capabili t ies of high-speed computers. The trajectory engineer faces a 
task  complicated by the interactions of the motion of the earth about the 
sun ,  the  motion of Venus, the spin of the earth,  and the effect of gravita- 
tional f ie lds  of earth,  sun ,  moon, Venus,  jupiter and even the  pressure of 
the s u n ' s  radiation, on the path of the spacecraft .  

The  trajectory designer,  therefore, must calculate  a trajectory from 
minute to  minute for that portion of each day during t h e  launch opportunity 
that launch could occur. H e  must keep h is  trajectory with range safety 
limits ( the  early portions of the launch must be over water,  not land masses)  
and he m u s t  keep the trajectory within range of the tracking s ta t ions.  

Meshing a l l  these factors into a successful  trajectory, spanning 
millions of miles and nearly four months in time, is a formidable task .  
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During the  centur ies  man has be .n  studying Venus he has accumulated 
r e l e t i v e l y  l i t t l e  i n  the  way of indisputable  s c i e n t i f i c  information. 

Astronomers a r e  hampered i n  t h e i r  attempts t o  inves t iga te  the  planet  
because it i s  cont inual ly  covered by a dense blanket, of clouds. 

Venus, our c loses t  p lane tary  neighbor, i s  i n  an o r b i t  between the 
Traveling a t  the  speed of 78,300 miles an hour it has a ea r th  and the sun. 

s i d e r e a l  period, (or year)  of 225 days. 
67,200,000 miles. 

I t s  average d is tance  from the sun i s  

During i t s  near ly  c i r c u l a r  o r b i t ,  Vecus comes within 26,300,000 miles 
of t h e  e a r t h  a t  c loses t  approach or i n f e r i o r  conjunction. 
o r  po in t  a t  which the  e a r t h  and Venus a r e  a t  opposite s ides  of the sun, it i s  
162 mil l ion  miles away. 

A t  superior  conjunction, 

In fe r io r  conjunction occurs every 584 days. A s  Venus approaches i n -  
f e r i o r  conjunction Mariner w i l l  be launched t o  in t e rcep t  the planet  t h r e e  t o  
four  months a f t e r  launch. 

One of t he  puzzling f ea tu res  of Venus i s  the  changeable dark and l i g h t  
markings t h a t  appear on i t s  cloud l a y e r ,  
markings could be breaks i n  t h e  cloud cover, but  as yet  t he re  seems t o  be l i t t l e  
evidence of any regular i ty .  

S c i e n t i s t s  have speculated t h a t  these  

One of t h e  outstanding features of Venus i s  i t s  br ightness .  Because 
it i s  c lose  t o  the  sun, and has a r e f l e c t i v e  cloud layer ,  Venus i s  the  t h i r d  
b r i g h t e s t  object i n  our sky, a f t e r  t h e  sun and moon. 
measured about 60 percent,  as compared t o  7 percent f o r  our moon. 

I ts  r e f l e c t i v i t y  i s  

Because it was not observed throughout t he  night ,  but  appeared i n  
morning and evening sk ies ,  ancient  astronomers thought Venus t o  be two b r i g h t  
stars. 

Venus has been r e f e r r e d  t o  as t h e  e a r t h ' s  twin. It has an estimated 
diameter of 7800 miles, as compared t o  7926 miles f o r  the  ear th .  
bel ieved t o  have a mass and g r a v i t a t i o n a i  f i e l d  similar t o  tha t  of ear th .  

Also, it i s  

Spectrographic s tud ies  ( i d e n t i f i c a t i o n  of mater ia ls  by presence of 
absorpt ive features ,  l i n e s  or bands i n  the  spectrum) seem t o  ind ica te  that Venus 
contains  carbon dioxide,  and ni t rogen but  probably l i t t l e  f r e e  oxygen o r  water 
vapor. Measurements taken i n  the i n f r a r e d  region of t he  electromagnetic spectrum 
i n d i c a t e  that temperatures of minus 38 degrees Fahrenheit  e x i s t  somewhere i n  the 
atmosphere. The microwave regions,  however, show temperatures of 615 degrees 
Fahrenheit  at  or somewhere near t he  surface.  The surface temperature i s  s t i l l  
i n  doubt. 

S c i e n t i s t s  are not i n  agreement as t o  the a l t i t u d e  from which these  
temperatures emanate. Indeed, t he re  i s  on: 7;heory tha t  a Venusian ionosphere, 
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with thousands of times tne electron density of' the  earih, gives t he  impression 
t h a t  the planet i s  extremely hot. 
are due t o  a "greenhouse" effect  i n  which the  sun's energy i s  trapped beneath the 
drnse clouds. 
t i o n  produced by high winds and dust clouds. 

Another explains tkt  the  high temperatures 

A t h i r d  theory holds that the  surface c f  Venus i s  heated by f r i c -  

Recent rZliar measurements suggest t h a t  Venus rotates  a t  a slow rate ,  
yc:-?aps once every 225 days, which i s  the length of t h e  Venusian year. 
would mean that Venus always keeps the  same side facing the  sun, much the  same 
way our moon, keeps the  sane s ide faciag the earth. 

This 
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DEEP SPACE IN S'1'RUM E NTAT ION FAC ILITY 

Two-way communications with Mariner will be provided by 
JPL's Deep Space Instrumentation Facility (DSIF) a world circling net- 
work of three permanent tracking s ta t ions ,  a mobile tracking unit and 
a t  the Atlantic Miss i le  Range, Cape Canaveral ,  Florida a launch check- 
out s ta t ion.  

The DSIF is under t h e  technical direction of the California Institute 

~ 

of Technology Jet  Propulsion Laboratory for the National Aeronautics and 
Space Administration. Dr. Eberhardt Rechtin is JPL's DSIF Program Director. 

The DSIF will track Mariner throughout the 100 to  140-day mission, 
receive and record telemetry from the spacecraft  and transmit commands 
to the spacecraft .  

The three permanent s ta t ions are  a t  Goldstone in the California 
Mohave Desert, near Woomera Village in Australia, and near Johannesburg, 
South Africa. 

The mobile s ta t ion will be located approximately one m i l e  e a s t  
of the DSIF installation a t  Johannesburg. The mobile s ta t ion will acquire 
Mariner shortly after injection when the  spacecraft  is too low to  be readily 
picked up  by the larger installation. The  mobile station is equipped with 
a 10 foot-in-diameter d i sh  antenna with a wide beam width (9 degree) and 
a fast tracking capabili ty of 10 degrees a second.  

The larger 85 foot-in-diameter antenna of the permanent installation 
has  a 1 degree beam width and a 1 degree per second tracking capabili ty.  

As soon as the mobile s ta t ion h a s  acquired Mariner, tracking in- 
formation and the  position of the spacecraft  will be sen t  t o  the' permanent 
installation telling it where to  look. 
will lock onto Mariner shortly thereafter. 

It is expected that the large antenna 

The installations at Johannesburg and Goldstone have the capabili ty 
of sending commands to Mariner, as well  as to receive telemetry. The 
Woomera installation, the mobile unit and launch checkout s ta t ion cannot 
command, but c a n  transmit a s ignal  t o  the spacecraf t  for doppler calculations.  
The mobile and launch checkout s ta t ions d o  not have the  range of the larger 
antennas and function only in  the init ial  s t ages  of the mission. 



The three permanerlt installations arc  located approximately 12 0 
degrees apart around the earth. Their '*anges overlap to  provide continuous 
contact with the spacecraft .  

The following are  visibility times based one one possible launch 
date and t i m e ,  The figures would change slightly relative to actual  da te  
and hour that  launch occurred. Since the mobile and South African sta- 
t ions a re  close together they have t h e  same visibility periods. The  t i m e s  
when the  spacecraf t  will be vis ible  to  the different stations a re  as follows, 
I s tands for injection, wnich is the end of Agena second bcrn. 

VISIBILITY PERIODS 

Johannesburg and mobile I. plus 2 mi r : s  I. plus 26 mins. 
Woomera I. plus 17 mins. I. plus 6 hrs.  35 mins, 
Johannesburg and mobile I. plus 1 hr. 45 mins I. plus 14 hrs.  10 mins. 
Golds tone I. plus 23 hrs.  10 mins. 
Woomera I. plus 19 hrs. 15 mins. I. plus 31 hrs.  10 mins. 
Johannesburg I. plus 26 hrs .  40 mins. I. plus 38 hrs .  25 mins. 

I plus 13 hrs 

Throughout the  mission the stations will continue to  lock onto the 
Mariner, track it until the  rotation of the earth carries the station to  the 
l i m i t s  of its horizon, and then pass  the spacecraft  on to the next station. 

During the first  ten days of t h e  Venus Mission the DSIF s ta t ions 
will maintain contact with Mariner 24  hours a day.  This will be lowered 
to ten hours a day during the cruise  portjons of the mission. During midcourse 
maneuver and planet encounter t h e  stations will revert to 24-hour contact.  

Each s ta t ion is manned by a 25-man staff .  It takes  three hours to 
. prepare a s ta t ion to acquire the spacecraft and one hour to shut  down follow- 

ing a tracking period. 

Each s ta t ion is linked with the Spacecraft Flight Operations Center 
at JPL by leased teletype circuits over which is sent  a l l  tracking and tele- 
metry information t o  JPL for processing by an  IBM 7090 computer system. 

The launch checkout s ta t ion at Cape  Canaveral has  two trailers; 
one for the transmitter and receiver and the  other for t e s t  equipment, record- 
ing equipment and equipment for processing portions of t h e  received s ignals  
for real-time display on strip charts: a six foot-in-diameter dish antenna for 



receiving and transmitting, and a collimation tower for calibrating and 
checking of s ta t ion equipment, The tower simulates the spacecraft  for 
checkout procedures, transmitting on the  same frequency to be used by' 
Mariner. The s ta t ion has  a 15-man crew, 

Function of this  station is to receive telemetryfrom the Mariner 
during pre-launch tests and record spacecraft  telemetry from launch until 
the  s ta t ion loses  contact as the spacecraft  passes over the horizon. 

The Goldstone station is operated for JPL by the Bendix Radio 
Corporation JPL's engineer in charge is Walter Larkin. Goldstone h a s  two 
85 foot-in-diameter antennas separated by seven miles and a ridge of 
hi l ls  to minimize interference. 

The Australian station is 15 miles from Woomera Village and h a s  
one 85 foot-in-diameter receiving antenna. The station is operated by 
the Australian Department of Supply , Weapons Research Establishment. 
Dr. Frank Wood represents the W E .  Richard Fahnestock is the  resident 
engineer for JPL . 

The South African station is equipped with a n  85 foot-in-diameter 
receiving antenna and it is located i n  a bowl- shaped valley approximately 
40 miles northwest of Johannesburg. The s ta t ion is operated by the South 
African government through the National Insti tute for Telecommunications 
Research, Dr. Frank Hewitt, Director. NITR is a division of the Council 
for Scientific and Industrial Research. Resident engineer for JPL is  Paul 
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LAUNCH VEHICLE 

NASA's launch vehicle for the Mariner E; Venus Fly-By 1s the Atlas 
Agena-B -- the reliable combination that sen t  America's f irst  bayload to  
the  moon. 

An Atlas Agena-B vehicle launched Ranger IV April 2 3  on s u c h  a 
trajectory that  t h e  Ranger payload landed on the moon, eve:) without a 
midcourse maneuver. 

The Atlas serves  as  t h e  booster and the Agena-R as  t h e  3ehicie's 
second s tage .  

The vehicle is provided to NASA by the Air Force s y s t e m s  Command's 
Space Systems Division which functions as a "prime contractor" t o  the 
NASA vehicle group -- the Marshall Space Flight Center ,  Huntsville, Ala. 

This relationship is spelled out in  the NASA-USAF agreement which 
provides for NASA procurement through the Air Force of 5 number of vehicles 
consis t ing of modified Atlas booster with modified Agena-B's serving as 
second stages. The Agena was  developed for the Discrwerer satel l i te  
program in  which it has  achieved a significant reliability record. 

It has  also been used in  four Ranger fl ights.  

Major contractors involved i n  the vehicle operation a re  Lockhaed 
M i s s i l e  and Space Company and General 'Dynamics/Astronautics . The 
vehicle  is launched by these  companies under t h e  direction of NASA's Launch 
Operations Center,  Cape  Canavera!. 

(The Venus mission flight plan is described i n  another section of 
the press  kit entitled "Venus Trajectory. ") 

AGENA-B SECOND STAGE 

The Agena-B s tage  of the rocket is an  imprcvsd and enlarge. iersion 
of the Agena-A, which was  used in  the Discoverer satel l i te  progra 

The Agena-B vehicle has  integral , load-car-rying propellant .ks 
with twice the capacity of Agena-A tanks and is powered by a Bell Aerospace 



turbopump-fed engine a 

as fuel and inhibited red fuming nitric acid (IRFNAj a s  the  oxidizer. 
It burns unsymmetrical dimethylhydrazine (UDMH) 

The new engine gives substantially nigher performance than prior 
Agena engines and has  a shutdown and restart  capability. 

An inertial reference system is capable of establishing attitude 

stopplng and maintaining 
control during the coast and engine operation phase.  An on-board t i m e r  
init iates programmed signals  for the starting 
of various equipment during flight. 

Here is a description of the Agena BE 

Propulsion: Single rocket engine using liquid propellants -- 
inhibited red fuming nitric acid and unsymmetrical dimethlhydrazine . 

Thrust: 15,000 pounds at altitude 

, Size: Approximately 2 2  feet long including adapter to accept 
Mariner-R spacecraft 

Control Systems: Pneumatic using high-pressure gas metered 
Hydraulic through through external jets for u s e  during coas t  phases .  

gimballing rocket engine for pitch ar.d yaw control during powered portions 
of flight. Corrections provided by airborne guidance system 

Guidance:: The guidance system -- which is made up  of timing 
devices ,  an inertial reference system, a velocity meter and an  infrared 
horizon sensing device -- is entirely self-contained. 

Contractors: Lockheed Miss i le  and Space Company I prime- 
contractor; Bell Aerosystems Co. , engine. 

ATLAS I'D'' BOOSTER 

The Atlas booster used for the Atlas Agena-B program is a 
modification of the Air Force ICBM and has  been operational for some 
t i m e .  An Atlas booster is also being used in the  NASA Project Mercury 
manned-flight program. Many of America's satellites were sen t  aloft 
by Atlas boosters. 
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Here is a description of the Atlas "D" space booster: 

Propulsion: Cluster of three rocket engines; two boosters,  one 
sustainer;  using liquid oxygen and kerosene propellants. 

Speed: Approximately 12,000 statutue m i l e s  per hour for the  
Mariner missions.  

Thrust: Total nominal thrust a t  s e a  level  more than 360,000 
pounds. 

Size: Approximately 7 8  feet high including adapter for Agena; 
16 feet wide across  flared engine nacelles.  Ten feet wide across  tank 
sect ion.  

Weight: Approximately 260 ,000 pounds at moment of launch, 
fully loaded with propellants. 

Guidance: Radio command guidance. Ground radars s e n s e  
velocity vectors , transmitting t h i s  data to ground computer. Computer 
determines corrections necessary and information is transmitted to air- 
borne unit  which s ignals  control system. Control is accomplished 
through gimballing and engine burning t i m e .  

Contractors: Airframe and assembly -- General DynamicdAstro- 
nautics;  propulsion -- Rocketdyne Division of North American Aviation; 
radio command guidance -- Defense Division of General Electric Company: 
ground guidance computer -- Burrough Corporation. 

KEY MANAGEMENT PERSONNEL 

Overall direction for the Agena program is provided a t  NASA 
Headquarters by the Office of Space Sciences,  headed by Homer E .  Newell, 
Director. Dixon Forsythe is the  program manager. MSFC is assigned 
responsibil i ty for the Agena vehicle system management for the various 
Agena programs. In particular this assignment includes administration and 
technical responsibility from vehicle procurement through launch. Within 
MSFC theLight and Medium Vehicles Office,  directed by Hans Hueter, 
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directs  the Agena program. Friedrich Duerr is the Agena systems 
manager. 

Major John G .  Albert is the  director of the NASA Agena B program 
for the  AF Space Systems Division, ass i s t ed  by Major Charles A. Wurster. 

Harold T .  Luskin is the  Lockheed Missiles and Space Company 
manager for NASA programs. 

Dr. Kurt H. Debus heads the NASA Launch Operations Center which 
directs  launchings . 

~~ 
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SUBCONTRACTORS 

PASADENA, CALIF. Mariner is  par t  of the  National Aeronautics and Space 
Administration's lunar and planetary space expl.oration program. 
I n s t i t u t e  of Technology J e t  Propulsion Laborato:sji, under contract t o  NASA, has 
the  responsibi l i ty  f o r  project management. 
provided instruments and hardware fo r  Mariners 1 and 2. These contracts amounted 
t o  $6.5 million. 

The California 

Thj . t i ,  -four subcontractors t o  JPL 

Aeroflex Corporation 
Long Island City, New York 

American Electronics, Inc. 
Fullerton, Cal i fornia  

Ampex Corporation 
Instrumentation Division 
Redwood City, California 

Applied Development Corporation 
Monterey Park, California 

Astrodata, Incorporated 
Anaheim, California 

Barnes Engineering Company 
Stamford, Connecticut 

3e l l  Aerospace Corporation 
Bel l  Aerosystems Division 
Cleveland, Ohio 

ConpGter Control Cempwy, hnc. 
Framing-, Massachusetts 

Conax Corporation 
Buffalo, New York 

Consolidated Electrodynamics Corp. 
Pasadena, California 

Je t  Vare Actuators 

Transformer-Rectifiers f o r  Fl ight  
Telecommunications 

Tape Recorders f o r  Gro..nd Telemetry 
and Data Handling Equi:?ment 

Decommutators and Teletype Encoders 
f o r  Ground Telemetry Xquipment 

Time Code Translators, Time Code 
Generators, and Spacecraft Signal 
Simulators f o r  Ground Telemetry 
Equipment 

Infrared Radiometers 
Planet S i m u l a t  o r  

Accelerometers and Associated 
Electronic modules 

Data Conditioning Systems 

Midcourse Propulsion Explosive Valves 
Squibs 

Oscillographs for. Data Reduction 

Consolidated Systems Corporation Sc ien t i f ic  Instxwients 
Monrovia, California Operational Supp S Equipment 

Dynamics Instrumentation Company 
Monterey Park, California Operational Suppcrt Equipment 

Isolat ion Ampliflcrs f o r  Telemetry 

Elec t r ic  Storage Battery Company 
Missile Battery Division 
Raleigh, North Caroliaa 

Spacecraft Batteries 
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Electro-Optical  Systems, Inc. 
Pasadena, Cal i forn ia  

Fargo Rubber Corporation 
Los Angeles, Cal i forn ia  

Glentronics, Inc. 
Glendora, Cal i forn ia  

Groen Associates 
Sun Valley, Ca l i fo rn ia  

Houston Fear less  Corporation 
Torrance, Cal i forn ia  

Kearf o t t  Division 
General Precision, Inc.  
Los Angeles, Cal i forn ia  

Marshall Laboratories 
Torrance, Cal i forn ia  

Matrix Research and Develop- 
ment Corporation 

Nashua, New Hampshire 

Menasco Manufacturing Company 
Burbank, Ca l i fo rn ia  

Midwestern Instruments 
Tulsa, Oklahoma 

Mincom Division 
Minnesota Mining & Manufacturing 
Los Angeles, Cal i forn ia  

Motorola, Incorporated 
Mi l i ta ry  Elec t ronics  Division 
S c o t t  s dale, Arizona 

Nortronics 

Spacecraft  Power Conversion 
Equipment 

Midcourse Propulsion Fuel Tank 
Bladders 

Power Supplies f o r  Data 
Conditioning System 

Actuators f o r  So la r  Panels 

P i n  Pu l l e r s  

Gyroscopes 

Magnetometers and Associated 
Operational Support Equipment 

Power Supplies f o r  P a r t i c l e  
Flux Detectors 

Midcourse Propulsion Fuel Tanks 
and Nitrogen Tanks 

Oscil lographs f o r  Data Reduction 

Tape Recorders f o r  Ground Telemetry 
and Data Handling Equipment 

Spacecraf t  Command Subsystems, 
Transponders, and Associated 
Operational Support Equipment 

At t i t ude  Control Gyro Electronic ,  
A Division of Northrup Corporation Autopi lot  Electronic ,  and Antenna 
Palos  Verdes Estates, Ca l i fo rn ia  Servo Elec t ronic  Modules, Long 

Range Earth Sensors and Sun Sensors 

Ransom Research Ver i f i ca t ion  and Ground Command 
Division of Syle  Laboratories 
San Pedro, Ca l i fo rn ia  

Modulation Equipment 

Rantec Corporation 
Ctilabasas, Ca l i fo rn ia  

Transponder Ci rcu la tors  and Monitors 

- 36 - 



Ryan Aeronautical Company 
Aerospace Division 
San Deigo, California 

Solar  Panel Structures 

Spec t rolab Solar c e l l s  and t h e i r  
A Division of Textron Electronics, i n s t a l l a t ion  and e l e c t r i c a l  connection 

Incorporated 
North Hollywood, California 

S ta t e  University of Iowa 
Iowa c i ty ,  Iowa 

Texas Instruments Incorporated 
Apparatus Division 
Dallas, Texas 

Trans -Sonics, Incorporated 
Burlington, Mas sac huset t s 

on Solar  Panels 

Calibrated Geiger Counters 

Valves and Regulators f o r  
Midcourse Propulsion and 
Atti tude Control Systems 

Spacecraft Data Encoders and 
Associated Operational Support 
Equipment, Ground Telemetry Demodulators 

T ran6 duc ers 

I n  addition t o  these subcontractors, there  were over 1000 indus t r i a l  
firms who contributed t o  Mariner. 
mill ion.  

These procurements amounted t o  over $3.5 
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MARINER I1 SCIENTIFIC EXPERIiMZI\PTS 

October 10, 1962 

The Venus-bound Mariner i s  a 447-pound, completely 
a tomated f l y i n g  labora tory  t h a t  i s  r e tu rn ing  t o  e a r t h  uniqi 
information on the rq-sterious envi roment  of space as i t  
speeds on its 180.2-miiii011 mile journey t o  f l y  by Venus 

December 14. 

e 

It conta ins  f i v e  in t e rp l ane ta ry  experiments t h a t  r epor t  
U n n n + i n l l ~ ~ ~ s l y ,  V I  I) V -L &a- 24 hours a d a y  t h e i r  data t o  Deep Space 
Instrumentat ion F a c i l i t y  (DSIF) s t a t i o n s  around t n e  wor ld ,  
and two p lane ta ry  experiments that a r e  designed t o  func t ion  
as the  spacec ra f t  f l i e s  by Venus. 

The i n t e r p l a n e t a r y  experiments, a l l  of which w i l l  a l s o  
opera te  i n  the  v i c i n i t y  of Venus, were described today a t  a 
news conference a t  t h e  National Aeronautics and Space 
Administration. The experiments and the  s c i e n t i s t s  who 
explained them: 

SOLAR PLASMA DETECTOR 

S o l a r  plasma c o n s i s t s  of charged p a r t i c l e s  that  stream 
outward omnidirect ional ly  i n t o  space from the f a c e  of the 
sun. Since d i r e c t  measurements of t hese  p a r t i c l e s  as they  
e x i s t  ou t s ide  the ear th 's  magnetic f i e l d  a r e  d i f f i c u l t  t o  
make for long per iods  of  time, some doubt ex i s t ed  as t o  
whether t h i s  plasma flow was a continuous phenomenon o r  i f  
it e x i s t e d  only i n  bu r s t s .  Although there are many t h e o r i e s  
concerning t h e  s o l a r  plasma, some of them c o n f l i c t i n g ,  w e  do 
know tha t  fol lowing solar  flares o r  o t h e r  a c t i v i t y ,  the 
i n t e n s i t y  of t h e s e  p a r t i c l e s  increases .  

I n  addi t ion ,  one of the most complex areas of space 
sc ience  i s  the study of how solar plasma i n t e r a c t s  wi th  
magnetic f i e l d s  i n  space. The s o l a r  plasma i s  a very good 
conductor of e l e c t r i c i t y  and not only i s  a f f ec t ed  by 
magnetic f i e l d s ,  but  may c r e a t e  magnetic f i e l d s ,  

A s  a r e s u l t  of data obtained s o  f a r  from the s o l a r  
plasma experiment on Mariner 11, it i s  now p o s s i b l e  t o  say 
tha t  t he  sun sends out t h i s  plasma continuously,  o r  for a t  
l e a s t  as long as Mariner has been observing t h e  phenomena. 
New information a l s o  contr ibuted by Mariner shows tha t  t h e  
solar wind has peaks of a c t i v i t y  and q u i e t  per iods ,  t ha t  is, 
t he  number and speed of t h e  p a r t i c l e s  increases  m d  
decreases  i n  time. 
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Energies of the p a r t i c l e s  i n  t h e  plasma flow observed by 
Mariner show t h a t  most of the  p a r t i c l e  energ ies  g e n e r a l l y  range 
from 750 e lec t ron  vol t s  ( v e l o c i t y  of 850,000 mph) t o  2 500 
e l e c t r o n  Volts ( v e l o c i t y  of 1.55 m i l l i o n  miles an hour) 
some plasma wi th  an energy of 8,225 ev ( v e l o c i t y  of 2.6 m i l l i o n  
mi les  an hour) has been observed, These v a r i a t i o n s  almost 
c e r t a i n l y  were the  r e s u l t  of events  on t h e  sun, but t h e  ekact  
na tu re  of these events  i s  not  y e t  understood. Abrupt changes 
i n  the v e l o c i t y  and i n t e n s i t y  of t h e  s o l a r  w h d  and simultaneous 
equal ly  abrupt changes i n  t h e  magnetic f i e l d s  i n  space as 
observed by the magnetomter aboard Mariner a r e  c e r t a i n l y  related, 
and in t ense  work i s  going on i n  t h i s  f i e l d  t o  understand t h e  
na tu re  of t h i s  r e l a t i o n s h i p .  

although 

Preliminary data from t h e  Mariner I1 s o l a r  plasma experiment 
was reported by D r ,  Marcia Neugebauer, who wi th  D r .  Conway Snyder, 
a l s o  of t h e  J e t  Propulsion Laboratory, i s  respons ib le  f o r  the 
experiment. 
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PRELIMINARY MAGNETOMETER RESULTS 

One of the  primary s c i e n t i f i c  ob jec t ives  i n  measuring 
i n t e r p l a n e t a r y  magnetic f i e l d s  i s  t o  determine the  magnitude 
and d i r e c t i o n  of t h e  steady f i e l d  component. This r egu la r ,  
ambient f i e l d  inf luences  t h e  propagation of charged p a r t i c l e s  
i n  t h e  inner s o l a r  system and may serve  t o  guide hydromagnetic 
waves. 

of  the r e l a t i o n  between the motion of charged p a r t i c l e s  and the 
magnetic f i e l d  which surrounds them - say t h a t  t he  plasma which 
flows asway from t n e  sun should drag with it t h e  local solar 
magnetic f i e l d ,  s ince  t h e  motion of charged p a r t i c l e s  not  only 
responds t o  but a l s o  c r e a t e s  magnetic f i e l d s .  The mathematical 
d e s c r i p t i o n  of t h i s  i n t e r a c t i o n  between the stream of charged 
p a r t i c l e s  leav ing  the  sun and the  magnetic f i e l d  which surrounds 
the sun i s  extremely complicated. The t h e o r i e s  which have been 
used t o  describe these  phenomena are incomplete and o f t e n  
cont rad ic tory .  

Present-day t h e o r i e s  of magnetof luiddynadcs - the  s tudy 

The measurement of i n t e rp l ane ta ry  magnetic f i e l d s  by 
Mariner w i l l  be combined w i t h  simultaneous measurements from 
earth t o  help s c i e n t i s t s  understand something about the i n t e r -  
. re la t%onships  of t hese  f i e l d s .  

Moreover, by i n v e s t i g a t i n g  the magnitude of any Venusian 
f i e l d  it may be poss ib l e  t o  draw some conclusion about the 
i n t e r i o r  of the  p l ane t ,  as w e l l  as about p lane tary  r a d i a t i o n  
be l t s ,  magnetic storms, and aurorae,  

Many s c i e n t i s t s  be l ieve  t h a t  the magnetic f i e l d  of a 
p l ane t  i s  due t o  a f l u i d  motion i n  i t s  i n t e r i o r .  If such a 
Venusian f i e l d  e x i s t s ,  then  i t  could be detected as Mariner 
approached the p l ane t .  T h i s  would depend, of course, on the  
s t r e n g t h  of the f i e l d  and t h e  d i s t ance  of Mariner a t  encounter. 
Also t h e  t r a j e c t o r y  of Mariner w i l l  permit the  measurement of 
i n t e r p l a n e t a r y  magnetic f i e l d s  and any v a r i a t i o n  w i t h  r e spec t  
t o  t i m e  and d i s t a n c e  from t h e  sun. 

The Mariner I1 magnetometer measures a l l  t h r e e  components 
of the i n t e r p l a n e t a r y  f i e l d .  The i n t e r p l a n e t a r y  f i e l d  can be 
resolved i n t o  a r a d i a l  f i e l d  component that  i s  d i r ec t ed  toward 
t h e  sun and a t r ansve r se  component t h a t  l i e s  i n  a plane perpen- 
d i c u l a r  t o  t h e  spacecraft-sun d i r e c t i o n .  Because of uncer ta in-  
t i e s  i n  the magnetic f i e l d  associated w i t h  the  spacec ra f t ,  only 
r e l a t i v e  measurements o r  t i m e  v a r i a t i o n s  of t h e  r a d i a l  com- 
ponent are a v a i i a b i e  a t  t h i s  t i m e .  
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The t r ansve r se  f i e l d  component measured by Mariner I1 
i s  e s s e n t i a l l y  the same component whose magnitude was measured 
i n  Spring of 1960 by t h e  Pioneer V magnetometer. 
a n a l y s i s  of  t h e  Mariner I1 data has yielded r e s u l t s  which 
r e a d i l y  can be compared with t h e  Pioneer V r e s u l t s .  

Pr.elirninary 

Such a comparison r evea l s  the following a reas  of agreement: 

(1) The magnitude of t h e  t r ansve r se  component i s  t y p i c a l l y  
10 g m a  o r  less. 

( 2 )  The t r ansve r se  f i e l d  magnitude a t t a i n s  l a r g e  values  
during geomagnetic storms. (25 gamma f i e l d s  were observed during 
the storm of S e p t e m b e r l w )  T h i s  r e s u l t  i s  cons i s t en t  w i t h  a 

e a r t h ' s  sur face  es tab l i shed  by Pioneer V over  more extended 
time i n t e r v a l s .  

c o r r e l a t i o n  between ( a )  
p l ane ta ry  f i e l d  component and b) t h e  magnetic index a t  the  

t n e  ma n i tude  of the t r ansve r se  i n t e r -  

( 3 )  Magnetically q u i e t  i n t e r v a l s  a r e  observed during 
which the magnitude of t h e  t r ansve r se  f i e l d  i s  e s s e n t i a l l y  con- 
s t a n t .  During such i n t e r v a l s  t h e  t r a n s v e r s e f i e l d  has a 
magnitude of only a f e w  gammas. 

Mariner I1 has provided the fol lowing a d d i t i o n a l  information 
concerning t h e  s teady  i n t e r p l a n e t a r y  f i e l d :  

(1) The range of v a r i a t i o n s  i n  t h e  magnitude of t h e  radial ,  
h e l i o c e n t r i c  component i s  t y p i c a l l y  5 t o  10 gammas. 

( 2 )  Although l a r g e  v a r i a t i o n s  i n  the t r ansve r se  component 
occur during magnetically d is turbed  i n t e r v a l s ,  the  rad ia l  f i e l d  
component i s  apparent ly  more s t a b l e ,  magnitude v a r i a t i o n s  of 
only 5 t o  10 gammas were observed. 

( 3 )  

(4) 

During magnetically q u i e t  i n t e r v a l s  the magnitude 

There i s  a component of the t r ansve r se  f i e l d  normal 
t o  the  e c l i p t i c  plane s o  t ha t  i t s  d i r e c t i o n  tends  t o  be in -  
c l ined  wi th  r e spec t  t o  t h e  l a t t e r .  However, temporal changes 
i n  d i r e c t i o n  are common and l a r g e  angular  changes are observed 
during magnetically d is turbed  i n t e r v a l s .  

of the  radial  component i s  a l s o  e s s e n t i a l l y  cons tan t .  

- 4 -  

(OVER) 



HIGH ENERGY RADIATION EXPERIMENT 

T h i s  experiment c o n s i s t s  of an i o n i z a t i o n  chamber and a 
group of t h r e e  Geiger-Mueller tubes. Together, on board 
Mariner, they are measuring the  number and i n t e n s i t y  of 
ene rge t i c  p a r t i c l e s  i n  in t e rp l ane ta ry  space. 
a l s o  w i l l  provide important d a t a  durixg the Venus fly-by. 

T h i s  experiment 

These p a r 3 i c l e s  a r e  pr imari ly  cosmic rays--which are made 
up protons ( the  nuc le i  of hydrogen atoms) alpha p a r t i c l e s  
( t h e  nuc le i  of helium atoms), and e l ec t rons .  

Dr. Hugh Anderson of t h e  Cal i forn ia  I n s t i t u t e  of Tecnnoiogy 
J e t  Propulsion Laboratory, who with Professor  H. V. Neher, of 
Caltech, designed and b u i l t  th i s  experiment, s a i d  p re l iminary  
a n a l y s i s  of t h e  d a t a  from t h e  ion iza t ion  chamber and the  
s t a i n l e s s  s t e e l  and beryllium-shielded geiger counter  on the 
p a r t i c l e  f l u x  d e t e c t o r  suggest that :  

1. All t h r e e  de t ec to r s  are func t ioning  proper ly  and 
are r epor t ing  data. 

2.  The ion  chamber i s  measuring an average of 650 ion  
pa i r s  per  cubic cent imeter  p e r  second p e r  atmosphere, which 
corresponds t o  about 1.1 mi l l i roentgen  per hour (which i s  100 
times the cosmic ray i n t e n s i t y  a t  the su r face  of t h e  e a r t h )  

The rates from the ion  chamber and t h e  g e i g e r  counters  
have been nea r ly  constant  s ince  the  experiment s t a r t e d  and are 
i n  agreement w i t h  t h e  expected values .  Var i a t ions  on t h e  o rde r  
of t h r e e  t o  f o u r  pe r  cent  have been observed. Future  p lans  
c a l l  f o r  c l o s e  c o r r e l a t i o n  of these  data w i t h  observa t ions  
made by t h e  magnetometer and the so la r  plasma d e t e c t o r  as wel l  
as wi th  ground observed data. 

P r i m a r y  goa l  of  t h i s  experiment i s  t o  try t o  l e a r n  how 
s o l a r  a c t i v i t y  i s  ab le  t o  modulate t h e  number of g a l a c t i c  
cosmic rays i n  t h e  s o l a r  system. The experiment i s  looking 
p a r t i c u l a r l y  f o r  v a r i a t i o n s  i n  cosmic ray a c t i v i t y  w i t h  t i m e  
as t h e  spacec ra f t  changes i t s  d is tance  from t h e  sun. 

The o t h e r  experiment i n  t h i s  f i e l d  was explained by Lou 
Frank, who w i t h  D r .  J. A. Van Allen of the State Universi ty  
of Iowa, i s  conducting the experiment. 
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It c o n s i s t s  of a s p e c i a l  p a r t i c l e  counter  never before  
flown i n  t h e  i n t e r p l a n e t a r y  regions of  space. I ts  mission , 

i s  t o  measure e l ec t rons  of energy g r e a t e r  than 40 KEV and 
protons g r e a t e r  than 500 KLV, i n  order  to I n v e s t i g a t e  i n  more 
d e t a i l  the behavior of e l ec t rons  and protons between t h e  
p l a n e t s ,  Eventually, t h e  use of t h i s  information and d a t a  
obtained from o the r  s a t e l l i t e  f l i g h t s  w i l l  provide information 
as - to  what occurs when p a r t i c l e s  In these  energy ranges c o l l i d e ,  
s o  t o  speak, w i t h  the e a r t h ' s  magnetic f i e l d .  These data a l s o  
w i l l  be important i n  i n v e s t i g a t i n g  t h e  r e l a t i o n s h i p  between 
t h e  i n t e n s i t y  of  t hese  p a r t i c l e s  and t h e  au ro ra l  zones. 

The experiment i s  ab le  t o  d e t e c t  f l uxes  of p a r t i c l e s  a s  
low a s  10 o r  15 per cent imeter  squared sec-s te rad ian  ( a  
u n i t  of measurement of f l u x ) .  
i n  t h e  counting r a t e  f o r  sho r t  per iods  of time, but  s o  f a r  
t h e  experimenters have not been a b l e  t o  t e l l  whether t h e  
Increase  i s  due t o  p a r t i c l e s  o r  sun l igh t .  

The data revea l  some inc reases  

COSMIC DUST DETECTOR 

Earth sa te l l i t es  and sounding rockets  have been used 
r ecen t ly  by s c i e n t i s t s  t o  study cosmic dust ,  but Mariner is 
providing t h e  f i r s t  d i r e c t  d a t a  of t h e  d i s t r i b u t i o n  of cosmic 
dus t  i n  i n t e rp l ane ta ry  space. 

The experiment i s  located on t o p  of  Mariner 's  hexagonal 
bus. It c o n s i s t s  of a r ec t angu la r  magnesium sounding board 
f i v e  inches wide and 10 inches long. A c r y s t a l  microphone 
i s  located i n  t h e  c e n t e r  of t h i s  p l a t e .  This a c o u s t i c a l  
device d e t e c t s  t h e  impact o f  p a r t i c l e s  of cosmic dus t .  

During t h e  c r u i s e  par t  of t he  mission, the d a t a  
condi t ioning system reads o u t  the  counters  every 37 seconds 
and te lemeters  t h i s  information t o  e a r t h  s t a t i o n s .  During 
p l ane ta ry  encounter, t h i s  counting r a t e  w i l l  be changed t o  
20-second i n t e r v a l s .  

All ava i l ab le  information i n d i c a t e s  tha t  the  i n s t m e n -  
t a t i o n  i s  func t ioning  properly.  
dus t  p a r t i c l e s  measured so  f a r  by Mariner i s  a t  l e a s t  1000 
t imes less than  the f l u x  measured by the  many s a t e l l i t e  
cosmic dust experiments. Proper ana lys i s ,  inc luding  
geometric f a c t o r s  and extended data sampling, w i l l  no t  be 
complete f o r  s eve ra l  months. 

The f l u x  of i n t e r p l a n e t a r y  

This experiment was described by Dr, W. M. Alexander 
of NASA's Goddard Space F l i g h t  Center. 
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MARINER FLIGHT REPORT 

Continued t racking  information now (October 10, 1962), 
i n d i c a t e s  that  Mariner I1 w i l l  be about 20,900 miles from 
the  su r face  of Venus a t  c l o s e s t  approach t o  the p l ane t  on 
December 14. The spacecraf t  w i l l  pass through t h e  t a r g e t  
a r e a  extending frm 5,000 t o  40,000 miles from Venus--well 
withtn the region where the s c i e n t i f i c  p lane tary  experinents  
a r e  expected t o  be very e f f ec t ive .  

Mariner was launched from Cape Canaveral on August 27, 
1962, with an aiming poin t  10,000 miles from the su r face  of 
Venus. After  nine days of trackifig, i t  was determined tha t  
Mariner would m i s s  t h e  p lane t  by a d i s t ance  of 233,000 miles  
i f  no f l igh t  path co r rec t ion  were applied. 

Launch d ispers ions  which could r e s u l t  i n  missing the 
planet by 5OO,OOO miles were t o  be expected--hence, the m i d -  
course co r rec t ion  motor on the spacecraf t  had been designed 
with a c a p a b i l i t y  t o  co r rec t  the  f l igh t  path, s o  that  t h e  
spacec ra f t  would come within the des i r ed  t a r g e t  area a t  t h e  
p l ane t .  

On September 4, the mid-course co r rec t ion  ca l cu la t ed  
t o  h i t  an aiming poin t  9,000 m i l e s  from the  su r face  of the 
p l a n e t  was c a r r i e d  out.  Although te lemetry during t h e  m i d -  
course co r rec t ion  phase of t he  f l i g h t  was not  s u f f i c i e n t  f o r  
a complete eva lua t ion  system performance, a l l  ind ica t ions  
were that the  maneuver was successfu l ly  completed. 

Following themld-course correct ion,  it was poin ted  out  
that  because the ve loc i ty  change was so  small compared t o  
the speed d the spacecraf t ,  many days of t r ack ing  would 
be requi red  t o  determine t h e  e f f e c t  of t he  co r rec t ion  on 
the t r a j e c t o r y .  

Before the  mid-course correct ion,  the spacec ra f t  was 
going too  slow--by about 45 miles an hour--in r e l a t i o n  t o  
i ts  v e l o c i t y  around the sun of 60,117 miles  an hour. The 

r e c i s e  ve loc i ty  change required an increase  i n  v e l o c i t y  of z 5 mi les  an hour. 
v e l o c i t y  added was 47 m i l e s  per  hour, o r  two miles an hour 
faster than desired. 

Refined data now i n d i c a t e s  that  the  a c t u a l  

The new m i s s  d i s tance  of 20,900 miles, p l u s  o r  minus 
3,000 miles ,  was ca lcu la ted  a f t e r  near ly  f i v e  weeks of con- 
t i rzmus t racking  following the mid-course cor rec t ion .  No 
cause is  known f o r  t he  s i ight  overcorrect ion.  
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Mariner will pass close to the center of the target are2 
for which the planetary instruments were designed to operate. 
This pie-shaped target area is on the sunlit side of the 
planet and extends from about 5,000 to 40,000 miles above 
the surface of Venus. 

The special planetary instruments--infrared and micro- 
wave radiometers--are to scan the whole disc of the planet 
as the spacecraft approaches, passes and travels away from 
Venus. This is a principal reason the fly-by rather than 
impact mission was chosen: to provide maximum time for plane- 
tary observations close to Venus. Additional advantages of 
the fly-by mission are that both the sunlit and dark regions 
of the planet may be seen and a period of continuing inter- 
planetary measurements after closest approach may provide a 
basis for verifying any unique data received from the vicinity 
of the planet. 
fore and after the fly-by. 

This would be possible from data gathered bc- 
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RELEASE NO. 62-234 

MARINER PASSES EARTH 

The National Aeronautics and Space Administration 
said the Mariner I1 spacecraf t  today marked i t s  65th day 
of space t r a v e l  by pass ing  t h e  Earth i n  i t s  110-day f l i g h t  
t o  the planet Venus. 
when the 447-pound spacec ra f t  was 11.5 m i l l i o n  miles from 
Ear th  -- about half the d i s t ance  t o  the o r b i t  of Venus -- 
and t r a v e l i n g  at a speed of 70,500 miles p e r  hour i n  re- 
l a t i o n  t o  the sun. 

T h i s  occurred a t  8:oo a.m., EST, 

The long - a r c i n g  110-day f l igh t  of Mariner I1 start,. .. 7 

about 26 minutes after t h e  spacecraf t  was launched by an 
Atlas-Agena B rocke t  from Cape Canaveral, F lo r ida ,  on 
August 27. The Agena B second s t a g e  i n j e c t e d  the space- 
c r a f 5  with s u f f i c i e n t  ve loc i ty  t o  escape the  E a r t h ' s  gravi- 
t a t i o n a l  in f luence  and i n  a d i r e c t i o n  q p o s i t e  t o  that  
which the Earth o r b i t s  t h e  sun. 

Because of the d i r e c t i o n  of i n j e c t i o n ,  t h e  o r b i t a l  
speed of Mariner I1 around the  sun was less than  t h a t  of 
t h e  Earth.  Thus, t he  spacec ra f t  could not  main ta in  an 
orbit similar t o  that  of t h e  Earth and, because of t h e  
s u n ' s  g rav i ty ,  started falling inward toward t h e  o r b i t  
of Venus. A s  it did, the spacecraf t ' s  speed i n  r e l a t i o n  
t o  t h e  sun acce le ra t ed  s o  t h a t  even tua l ly  it exceeded the  
Earth 's  o r b i t a l  v e l o c i t y  of about 66,000 m i l e s  per hour.  

The combination of inward motion toward the orbit 
of Venus and c i r c u l a r  mot ion  around the sun produced t h  
o r b i t  that  w i l l  enable  Mariner I1 t o  f l y  by Venus on IX- 
cember 14, 

Mariner i s  continuously sampl i n  t he  envirormxm 

t h ~ e  deep space instrumentat ion f a c i l i t y  s t a t i o n s  around 
the world---Goldstone, Cal i forn ia ,  Woomera, Al~stralia, 
and Johannesburg, South Africa. The f o u r  i n t e r p l a n e t a r y  
s c i e n t i f i c  experiments are:  a cosmic dus t  de t ec to r ,  a 

of space and r epor t ing  i t s  f ind ings  2 fi noQrs a day t o  t 9 e  
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solar plasma experiment t o  de tec t  winds from the  surface 
of the sun, a magnetometer, and a charged p a r t i c l e  detector.. 

Mariner w i l l  f l y  by the planet  Venus on December 111, 
missing it by approximately 20,300 miles. 
it w i l l  turn on two addi t ional  experiments, a rnicrowavc 
radiometer and an inf ra red  radiometer---to o b t a i n  more 
information about the planet  1 s temperature and atmosphci*e, 

A t  t h a t  time, 

- end - 


