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The month of May was spent hiring and training balloon and electronics 
technicians for the launch phase of the TWERLE program. The crews now con
sist of the following people:

Ascension

S. Stenlund (site mgr.)
B. Rader (elect, supvr.)
F. Collyer (elect, tech.)
N. Cook (elect, tech.)
C. Roark (elect, tech.)
P. Reed (elect, tech.)
L. Julian (balloon tech.)
C. Burrows (balloon tech.)

Accra

J. Warren (site mgr.)
C. Smith (elect, supvr.)
C. Morel (balloon supvr.)
E. Brenstrum (elect, tech.)
P. Carlson (elect, tech.)
W. Benjamin (balloon tech.)

Samoa

M. Verstraete (site mgr.)
G. Ellis (elect, supvr.)
J. Scott (elect, tech.)
R. Marks (elect, tech.)
D. Grantham (elect, tech.)
J. Meehl (balloon tech.)

On 28 May, a TWERLE Team Data Analysis meeting was held in Chicago in
volving NCAR and the University of Wisconsin. Jack Tefft, Vin Lally, Paul 
Julian, and Dennis Shea represented NCAR. Verner Suomi, Bill Massman, Bob 
Oehlkers and Juris Afanasjevs represented the University of Wisconsin. The 
following items were discussed at the meeting:

o Review of NCAR computer status for TWERLE -

Methods of using both the 6600 and the 7600 were discussed. The 
7600 is the only computer available from a remote terminal. Various arrange
ments for UWIS use of the computer were discussed. A decision from UWIS 
concerning their use of a terminal should be forthcoming shortly.

o Review of TWERLE data flow -

Nimbus operations will send data to NCAR once every 12 hours (around 
0100 and 1300 hours).

o NCAR priority tasks from June to November 1975:

1. Reduce sensor data

2. Sensor error check

a. Gross error check

b. Sensitive error check

3. Average good sensor values

4. Format message for transmission to NMC.
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o Non-priority time tasks are to create two files for permanent 
archive. File C will be a day file, all data stratified by time; and File
D, data stratified by platform ID. Also, a plot of daily balloon positions 
(by computer) when making C and D files will be accomplished.

o Launch notices telexed from sites contain launch site and ID as 
well as sensor calibration data. The launch sites should send first-day 
data cassettes in daily during the first 2-3 weeks of operations to compare 
with Nimbus -6 satellite data.

o One add-on memory unit will represent 16 platforms at the same 
location; therefore the doppler positions will be easily identified. The 
memory units are planned to weigh about 300 grams--the same as the TWERLE 
data encoder. This additional weight will cause these units to fly 300 meters 
lower than the standard TWERLE system.

o It was suggested that the FGGE panel be consulted about possible 
sources for creation of pressure maps at the 0.2500 Kg/m density level for 
every 12 hours.

o Reference level checks will be made through radiosonde stations and 
the IR sounders.

o The University of Wisconsin will start the pressure sensor witness 

tests at the beginning of the flight operations program to develop a complete 
history of the pressure sensor performance.

o It was suggested that some precise radiosonde flights be made at 
the same time as the TWERLE flights from stations along the east coast of 
Australia and from New Zealand. Paul Julian will investigate the possibilities 
of this kind of participation during the Data Systems Test (DST).

o November 1975 is turn-off time for priority data to DST.

o It is expected that around July 1976 there will be about 500 balloons 
still flying. This will provide approximately one year of TWERLE data in 
addition to the high intensity data from the add-on memory units.

The initial test flights from Christchurch indicate that the pressure 
sensors are reading about 1 mb too high. Some of this error is thought to 
be due to a faulty ground calibration gage. This will be verified at Samoa 
with the spare TI pressure gage from Boulder before any flights are made.

Jack Warren arrived in Ghana the 13th of May to finalize arrangements 
for the launch site.
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The Nimbus -6 satellite was successfully launched from Vendenberg Air 
Force Base on 12 June. On 17 June, the following message was received at 
NCAR from NASA/GSFC:

"1. Nimbus -6 satellite launched June 12 0812 hours Z and RAMS acti

vated June 13 2120 hours Z in orbit 20.

2. After orbit 53, 25 active platforms have been located and data 
collected as follows: Julian (9), Untersteiner (6), Buck (2), Morel (2), 
Hansen (1), Nordo/jensen (1), NASA Stadan stations (4).

3. RAMS system tests are underway to determine platforms location 
resolution and to check data quality.

4. Data output to active RAMS users from Nimbus -6 operations center 
will begin on or before June 26.

5. Please acknowledge receipt of this message.

Sgnd/C.E. Cote, Code 952, NASA GSFC Greenbelt Md"

Shortly after the launch of the satellite, launch crew members began 
leaving for the launch sites. All crew members are now on-site. Balloon 
launches will begin early in July. Telex communications between all sites 
and Boulder have been established.

Two data analysts have been hired to review data 24 hours/day at the 
TWERLE Operations Center at NCAR.

Attachments

UWIS Technical Progress Report for the period of 1 May 1975 to 2 June 1975

UWIS Work Statement

NCAR Staff Notes - 13 June 1975
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Technical Progress Report

1 May to 1 June 1975

1. J. Afanasjevs, W. Massman, R. Oehlkers, and V. Suomi attended a TWERLE 

Team Meeting at the O'Hare Airport to discuss the data handling and 

analysis tasks prior and subsequent to the Nimbus-F satellite launch.

A  UW work statement and a budget for the remainder of the TWERLE 

program were also presented.

2. The Add-On-Memory (AOM) has been adopted for use with the Statek 12.8 

kHz crystals supplied by NCAR. Of the ten (10) crystal units received, 

two (2) would not work at room temperature in the standard C-MOS circuit 

suggested by Statek. NCAR reports some problems with achieving oscil

lation at low temperatures (-45°C). The AOM needs can probably be met 

through a process of selection since only ten or twelve units are 

needed at most.

3. Work is under way to mount a minimum of six TWERLE pressure sensors in 

a thermal-vacuum chamber to initiate the witness pressure sensor tests. 

The tests will start at or about the time that the first balloons are 

launched for the full scale TWERLE program. The tests will continue 

until a trend in the sensor behavior can be established. This trend will 

then be applied as a correction for the flight data.

4. Based on a communication from NCAR that AOM expenditures have been 

approved by NASA, purchase orders were sent out for parts for the AOM 

flight units on 2 June 1975.

5. The components for the remote job entry (RJE) terminal have been selected 

and rental of the necessary equipment is in progress. The target date 

for an operational link to NCAR is the first or second week of July.

T W E R L E
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TWERLE WORK STATEMENT

This work statement defines the tasks remaining in the engineering and 
analysis areas of the TWERLE program.

ENGINEERING

1) Witness Pressure Sensor Tests

The purpose of the witness pressure sensor tests is to expose a small 
number of TWERLE pressure sensors in the laboratory to the same environment 
as those in orbit will experience. The control group will provide typical 
sensor aging data which can be used to provide corrections for the flight 

sensor data.

A group of sensors (6-8) will be installed in a vacuum-temperature chamber 
which will allow the simulation of day-night flight conditions. The testing 
will begin at or near the time of the first balloon launch and will be con
tinued until a trend in sensor aging can be established. Upon completion 
of the test, the sensors will be returned to NCAR to be used for subsequent 
TWERLE flights.

2) TWERLE Add-On Memory (AOM)

The design and prototyping phase of the Add-On Memory are complete. The 
tasks remaining are those associated with producing the eight (8) flight units. 
These tasks include:

a) printed circuit layout

b) parts purchase and environmental qualification

c) construction and checkout of flight circuit boards

d) packaging

e) environmental testing of complete AOM units

f) integration of AOM into the TWERLE flight train (UW and at NCAR)

g) checkout with the entire flight train at NCAR

h) establishment of launch site checkout procedures

i) documentation

Cost and schedule impact

The plan of the Add-On Memory project in March-May 1974 had been to 
keep the project costs at a minimum by completing the bulk of the work during 
the delay period (winter-spring 1974-75) prior to the satellite launch. The 
change in the Add-On Memory system specifications in the January 1975 TWERLE 
meeting as a result of analysis of the September 1974 Ascension flight data 
forced a paper re-design of the AOM. In addition, delays in the receipt of 
approval to commit funds for material purchases were encountered. These
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factors have caused AOM project schedule to slip about six weeks. The net 
effect has been to push the AOM project into the post-launch period, raising 
the costs to be incurred in the 1 July - 1 December 1975 period. Also the 
requirement to maintain a manpower concentration on the AOM project during the 
main launch period has precluded UW participation in the regular TWERLE balloon 
launch program. These costs are reflected in the budget.

3) AOM Launch Participation (Nov - Dec 1975, New Zealand)

The UW will send personnel to New Zealand in Nov - Dec 1975 to provide 
launch expertise for the four (4) AOM units to be launched in the gravity 
wave study program.

ANALYSIS PROGRAM

The UW will analyze TWERLE data to determine the rate of energy conversion 
by work done by or against the pressure gradient force.

These computations include:

1. A computer program designed to identify and remove fine noise by 
computing standard deviations and average values of pressure, temperature, 
height, density and potential temperature for each balloon for each satellite 
pass .

2. A program to convert balloon heights, measured pressures and balloon 
positions into the work term.

3. Objective analysis of the pressure field from all balloons and 
conventional data to determine local pressure change terms.

4. Analysis of the above to obtain conversion and dissipation as a 
function of time and space scales.

5. Gravity Wave Analysis - Gravity waves are common throughout the at
mosphere and they provide an important link between subsynoptic and larger 
scales of motion by their ability to transport energy and momentum rapidly.
They can exchange energy and momentum directly with the mean flow and if there 
are regions for creation and destruction of these waves they can provide 
dissipation as well as a means of dampening or amplification of meteorological 
features on all scales.

For the gravity wave portion of the experiment the vertical energy 
flux, p ' w 1, associated with these waves will be computed. Perturbation 
quantities will be found from the first day's flight data and from the TWERLE 
memory balloon data by reconstructing atmospheric motion from the behavior 
of the balloon in a gravity wave. We will investigate whether or not gravity 
waves are the key mechanism responsible for the dissipation of kinetic energy 
at these levels. The global distribution of gravity waves will be determined.

The technical analysis to be carried out at the University of Tel-Aviv 
has already been specified and is included in this budget.
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TWERLE: THE ADVENTURE BEGINS

"This is Richard Ormsby reporting on 
the status of Nimbus 6. Time now is 
2:00 p.m., Eastern Daylight Savings Time. 
Completion of Orbit 59, Alaska. At this 
time the spacecraft is in a normal controls 
configuration with the exception of a pitch 
bias of 2 . The number of controls gas 
firings is normal. The present experiment 
configuration is as follows: HIRS— on; 
TWERLE— on; LRIR— on. . . . 11

The calm, flat voice over the telephone 
from the NASA Goddard Space Flight Center 
(GSFC) doesn't convey it, but wrapped up in 
that terse message are years of work by 
many NCAR staff members, a tragedy, and a 
summer of adventure about to begin.

A r t i s t  ’s  conception o f  Nimbus 6 in  
o rb it .  The b u t te r f ly  wings are s o la r  
energy pane ls. Most o f  the instrum en
ta t io n  looks downward below the c irc u 
la r  wheel o f  the s a t e l l i t e .

This is the first of two articles in 
S t a f f  Notes about NCAR's experiments aboard 
Nimbus 6. Next week, we'll feature the 
Limb Radiance Inversion Radiometer (LRIR), 
for which John Gille, leader of the Upper 
Atmosphere Project, is principal investiga
tor. This week the topic is TWERLE, which 
stands for Tropical Wind, Energy Conversion, 
and Reference Level Experiment. (That's 
pronounced "twirl" or "twirly," as you will; 
the C of Conversion was left out for ease of 
pronouniation.)

In TWERLE, lightweight, low-cost balloons carrying simple (but clever) arrays of 
sensors are launched in the tropics. As the winds carry the balloons along, they 
transmit for one second out of every minute. If the Nimbus 6 satellite is in range,

This Week in S t a f f  Notes . . .

TWERLE: The Adventure Begins
Abstract of Management Committee Meeting
NCAR Cryogenic Air Sampler Sets Record
ASP/UAP Summer Colloquium Begins
HAO To Host Skylab Solar Workshops
Two UCAR Committees Meet
The 12 Most Wanted List
Revised NCAR Engineers Register Available

NHRE Advisory Panel Meets
Short Announcements
New Staff Members
Computing Facility Seminar Series
Visitors
Departures
Job Openings
Calendar Notes
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( L e f t  photo) TWERLE p ro je c t members a t the p ic n ic  in  S c o tt Carpenter Pa rk. (R ig h t 
photo) Cindy Burrow s and Pa u l Reed a t the TWERLE se n d -o ff p ic n ic  la s t  F rid a y . Both  
are going to  Ascension Is la n d  fo r  a summer o f  launching TWERLE b a llo o ns. "We ’re  
ta k ing  f i n s  and s n o rk e ls ,"  Cindy says.

it "hears" each balloon signaling an identification number and data from its sensors: 
pressure, temperature, and balloon altitude. Nimbus 6 collects balloon data, which 
it sends to ground stations in Fairbanks, Alaska, and Rosman, North Carolina. Twice 
a day, GSFC transmits the TWERLE data to NCAR.

In this way, a picture will gradually be built of 
the winds in the atmosphere over the tropics. A ref
erence level— measurements of pressure and tempera
ture at a known altitude— will be created against 
which to calibrate remote sensing by both microwave 
and infrared satellite instruments. Data will be ob
tained for studies of the rate at which potential 
energy is converted to kinetic energy in the upper 
atmosphere. And the low-cost system will be tested 
for further use in the Global Atmospheric Research 
Program's first global experiment in 1979, when the 
satellites that listen to the balloons will be in the 
TIROS series. (GARP is a large-scale international 

atmospheric research program; TIROS stands for Tele
vision Infrared Observation Satellite.)

All this was made possible when Nimbus 6 was 
lofted into a polar orbit at 2:12 a.m. last Thursday 
(June 12) from the Western Test Range at Vandenberg 
Air Force Base in California. Satellite launchings 
may be a commonplace nowadays, but this one was spe
cial for the TWERLE team here at NCAR, at GSFC, and 
at the University of Wisconsin. It was special for 
the veterans who have been with the project since it

E rn ie  L ic h f ie ld 3 a key en
g ineer on the TWERLE pro- 
je c t3 a lso  served in  a key 
ro le  a t the p ic n ic : chef.
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was a gleam in the eyes of Vin Lally and John Masterson in 1964, and it was special 
for ten young people who've just signed on to help launch TWERLE balloons from three 

exotic and faraway sites.

To celebrate the launch, TWERLE's NCAR staff members held a picnic in Scott 
Carpenter Park last Friday (June 13). The picnic was also a send-off party for the 
launch crews, who left over the weekend for Ascension Island (a tiny British island 
in the Atlantic off the coast of Africa, near the equator), American Samoa, and 

Ghana.

Cynthia Burrows is going to Ascension Island as a balloon technician. She talked 
about the summer that lies ahead. "All of us will share jobs, but I'll usually be 
inflating and launching the TWERLE balloons. We have a launch truck with a trough 
for the balloon and a tray in which the electronics— the flight train— is carried.
We send up a little dummy balloon and get the truck going under it so the balloon is 
launched in effectively still air. One of the last things we do is tie the knot, 
attaching the flight train to the balloon. Then we pull a zipper to release the 
balloon. We'll be launching about three balloons a day in good weather, then track
ing them visually for several hours until they're out of sight."

Ascension, Cindy said, is about 90 km2 in area, with one 850 m mountain peak. 
About 1,000 people live there, mostly British and American citizens. The TWERLE 
site manager on Ascension will be Sigvard Stenlund, and Robert Rader will supervise 
the electronics technicians. In addition to Cindy, the new technicians are Lesley 
Julian, Nevis Cook, Chris Roark, and Paul Reed.

(continued)

Ancient h is to ry :  a TWERLE meeting held October 4, 1968, a t NCAR. L e f t  
to  r ig h t :  James Broum o f  NASA, P h i l ip  Thompson o f  NCAR, W illia m  Bandeen 
o f  NASAj John Masterson o f  NCAR, and Charles La ug h lin  o f  NASA.
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The site manager at Accra, Ghana, will be John 
Warren, and he will be assisted by TWERLE veterans 
Claude Morel, Charles Smith, and Phyllis Carlson.
The new member of this team is Walt Benjamin.

Two members of the New Zealand Meteorological 
Service will also be participating. Eric Brenstrum 
will go to Ghana, and Frank Collyer will be on 

Ascension.

The third launch site for TWERLE balloons is 
Pago Pago, American Samoa. Marcel Verstraete, who 
usually works with TWERLE and other balloons from 

the Global Atmospheric Measurements Project (GAMP) 
site in New Zealand, will be in charge of the 
Samoan site. Gene Ellis will supervise the elec
tronics technicians, and the new members of the team 
will be Jerry Meehl, Dean Grantham, Ron Marks, and 
Jim Scott.

Vin Lally, Jack Tefft, and Ernie Lichfield of 
GAMP will travel to various sites during the summer, 

as will Neil Carlson from GAMP's New Zealand outpost.

Twelve TWERLE balloons were launched from 
Christchurch, New Zealand, a week before Nimbus 6 
went into orbit. At the time of the satellite 
launch, 11 of the balloons were known to be function
ing properly. And about nine balloons from previous

A p ic tu re  o f  the complete TWERLE ba lloon and f l ig h t  t r a in .  E rn ie  L ic h f ie ld  describes  
the system. "The b a llo n s w i l l  f lo a t  a t about 14 km in  a lt itu d e . The ra d io a ltim e te r  
w i l l  give the he ig h t o f  the ba lloon to  w ith in  15 o r 20 m. The data encoder d ig i t iz e s  
the senso r data, sw itc h in g  the senso rs on in  sequence and adding the id e n t if ic a t io n  
and sy n c h ro n iza tio n  codes to  the to ta l  tra n sm iss io n . The ba lloon w i l l  be a t about 
the 150 mb p re ssu re  le v e ls and the p re ssu re  sensor should  be accurate to  w ith in  
0 .5  mb. The temperature senso r i s n ' t  shown on t h is  diagram; i t  w i l l  be accurate to  
w ith in  0 .5  C. The temperature o f  the p re ssu re  senso r i s  a lso  taken3 fo r  use in  ad
ju s t in g  the p re ssu re  data. Above the power supply and the antenna i s  the tra n sm it-  
te r } which sends the a lt itu d e , p re ssu re 3 temperature3 and pres su re -se n so r  
temperature to  the RAMS aboard Nimbus 6. The magnetic cut-down c uts the f l i g h t  
t ra in  away from the ba lloon i f  the ba lloon d r i f t s  n o rth  o f  20 degrees n o rth  magnet
ic  la t itu d e , so a l l  the data w i l l  be from the tro p ic s . The ba lloon i t s e l f  i s  3 .5  m 
in  diam eter3 and i t  has a m e ta llize d  cap to  prevent the fo rm a tio n  o f  f r o s t  on the 
balloon s k in  a t n ig h t. "
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test releases from Ascension and Christchurch might still be sending signals, Ernie 
said. So a little pool was organized at the TWERLE picnic. How many balloons would 
Nimbus 6 hear from in its first orbits as it covered the globe?

The winner was one of the newest TWERLE people, Paul Reed. He guessed 11.
"We've heard from 13 so far," says Paul Julian (who guessed six). "Those of us who 
guessed low have no kick coming. We should have had more confidence. The system 
really works."

Paul is now principal investigator for the experiment, along with Charles Cote 
of NASA/GSFC, William Kellogg of NCAR, and Verner Suomi of the University of Wiscon

sin.

Paul and John Masterson give a capsule history of TWERLE: "The experiment 
was the brainchild of three or four people," says Paul, "back when John Masterson 
was NCAR's liaison with NASA, looking at possible joint NASA/NCAR projects."

"Vin Lally's GHOST balloons, the balloon location and interrogation system on 
Nimbus 4, and the French EOLE system were all precursors," says John. "A panel on 
international meteorological cooperation reported to the committee on atmospheric 
sciences of the National Academy of Sciences that a long-term, inexpensive balloon/ 
satellite global observation system was a feasible project. That was in 1966."

"Discussions began with NASA at about that time," Paul continues. "Chuck 
Laughlin of NASA thought up the random access measurement system that's now on the 
Nimbus 6 , which was a big improvement over the previous systems, since the balloons 
didn't have to be interrogated first. Balloons just chatter away, and the satellite 
catches the signals as it passes. Dave Reed, who's now with Operations Research, 
Inc., did the numbers to show such a system could work. Laughlin and Philip Thompson 
of NCAR wrote the original proposal for a tropical wind experiment using Vin's bal

loons and the Laughlin system."

Paul came in on the project at that point, doing some calculations of the possi
ble trajectories of constant-level superpressure balloons released in the tropics.
As the Global Atmospheric Research Program (GARP) took shape and defined research 
objectives, the objectives of the wind experiment were expanded. Verner Suomi 
brought in the concept of adding a radioaltimeter to the balloon package (an instru
ment designed at the university by Nadeev Levanon), which would use backscatter from 
a ground-directed radio signal to measure the exact balloon altitude. This made the 
reference level part of the experiment possible. And it was decided that the capac
ity of the satellite-borne Random Access Measurement System (RAMS), which listens to 
the balloons, was sufficient to allow a wide variety of other platforms to be used. 
John Masterson was the moving spirit behind this program. Nimbus 6 is now listening 
to buoys in addition to balloons. A constellation of guest investigators from many 
countries is setting out an array of drifting buoys and ice buoys that will be send
ing pressure, temperature, and ocean current information to the satellite, covering 
areas from the south pole to the equator. "Nimbus is thus providing ground, air, 
and ocean 'truth' for GARP," John says.

( continued)
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Verner Suomi and the Wisconsin group became part of the project in 1970. Suomi 
will gather the data related to the conversion of potential to kinetic energy in the 
upper atmosphere. "In addition to the radioaltimeter," Paul Julian says, "the Uni
versity of Wisconsin team supplied the pressure sensor and the oscillator-transmitter 
that hangs from the balloon. Two young engineers from the university designed the 
transmitter, and it was built by Texas Instruments, the major subcontractor on the 
project. The two engineers were killed in a tragic plane crash three years ago, on 
their way back from a trip to Texas Instruments."

After the TWERLE proposal was accepted for the Nimbus series late in 19 70, Will 
Kellogg (now of the Climate Project) was NCAR's principal investigator for several 
years. Bob Rochelle took over Laughlin*s role at NASA and later went to the Univer
sity of Tennessee, leaving the NASA leadership to Charles Cote. When Will accepted 
a visiting professorship at the University of California in La Jolla, Paul Julian 
became the principal investigator from NCAR for the TWERLE experiment.

All along, Vin Lally's TWERLE group worked steadily to put the balloon and elec
tronic components through test after test. Two years ago, they began to assemble 
the 400 balloon packages that will be flown this summer.

"It has been a long road," Paul says. "Vin's people have worked extremely hard. 
John has been the guiding hand and liaison to NASA and has helped to keep the sci
entific objectives in the. foreground. Dennis Shea came on the project in 1972 to do 
the software for data reduction and analysis, and the hard work for me and Dennis 

begins now." Twice a day, Paul and Dennis get the data, which is sent over a com
puter- to-computer link from GSFC to NCAR. They'll do a quality check and format the 
data for transmission to the National Meteorological Center in Washington, D.C. The 
information will also go into the GARP Data Systems Test archives and to the World 
Weather Watch system. Paul and Dennis will have two new part-time helpers, Ricardo 
Rodriguez and Katherine Brandt.

"We expect this satellite to be sending us data for a long time," says John 
Masterson. "Nimbus 4 is still sending data after five years— and it has a much more 
complicated system than the one we're using on Nimbus 6. Moreover, the orbit is 
perfect. The perigee (closest approach) is 1093 km, and the apogee (farthest point) 
is 1102, so the eccentricity works out to 0.00714— almost a perfect circle." (S t a f f  
Notes did some research and found that the orbit of Nimbus 6 is more circular than 
that of any planet except Venus.)

Everyone on the project has been smiling all week as the work of years comes to 
fruition.

* * *


