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Rat10nale 

H1stor1cally, the academ1c programs at tradit10nally black inst1tut1ons 

have not fostered active 1nvolvement 1n bas1c sC1ent1fic research. College 

teachers w1th sC1entific backgrounds spend a substantial amount of t1me 

engaged ln other activlties whlch do not utilize their research capabllltles 

and skills. The NASA-Hampton Institute Summer Research Fellowship Program 

offers capable scient1sts and engineers at trad1tionally black institut10ns an 

opportunity to participate 1n research activities 1n an environment at the 

Langley Research Center where bas1c research is of primary importance. 

The Summer Research Fellowship Program has been spec1f1cally designed to 

assist these faculty members in 1dent1fying areas of research which correlate 

pos1tively with the1r indiv1dual 1nterest and capab1lities. It 1S also des1gned 

to help them to 1n1tiate viable research which increases their technical knowledge 

about how research efforts at their 1nst1tutions might be increased. 

Programs s1m1lar to the Summer Research Fellowsh1p Program also provide 

opportunities for un1versity faculty members to engage in summer research 

activities, but these programs lack s1gnif1cant part1cipation from faculty members 

representing predom1nately black inst1tutions. This program actively so11cits 

minority institut10nal involvement by providing fellowships which allow selected 

faculty members to become engaged in on-go1ng research for ten-weeks dur1ng the 

summer at Langley Research Center. This exper1ence should increase the quality 

and 1mpact the quantity of research performed on these campuses, thus, giving 

more minor1ty students the opportunity to participate in research activities. 

Through these activities, better research techniques will be developed by students 

and faculty members, therefore, a broader and more proficient base w1ll be 

established from which capable scientists and engineers can be selected. 
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ObJect1ve 

The Summer Research Fellowsh1p Program lnvolves professors from 

predomlnately black colleges and unlversltles ln research activlties at 

the Langley Research Center. The program is speclfically deslgned to: 

1) Prov1de faculty members from partlclpatlng 
lnstitutl0ns the opportunlty to ldentlfy 
actlve research areas approprlate to thelr 
interests and capablllties; 

2) Impact the academlc programs of part1c1pat1ng 
instltutlons through modiflcatlons resulting 
from changlng emphasis 1n an academlc dlSC1P
llne due to research, 

3) Promote more cooperat1ve ventures between 
part1c1pat1ng lnst1tutlons and the Langley 
Research Center; 

4) Increase the resource base wh1ch provldes 
proflc1ent SC1entlsts and englneers. 

Ellglble Institutlons 

All predom1nately black colleges and un1versitles are ellglble 

for inclus10n in the program. S1X colleges and un1vers1t1es were 

represented in the 1981 program. 

Ellg1ble Faculty 

Faculty members 1n the areas of computer science, chemistry, 

eng1neer1ng (aeronautical, arch1tectural, civ1l, electrIcal and mechanical), 

mathematics, phYSICS and electronic technology at ellg1ble 1nstItut1ons are 

e11g1ble to partic1pate 1n this program. Chemistry, mathematics and physics 

were the represented d1sclp11nes th1s year. 



Program StatIstIcs 

r---;T~~--------------------------------::::---------::::--------::::---;~OG~::~~:::----------::::-------------
l Dollars Appropnated 42. 5K 50K 43K 54K 62)( 63. 7K 

Dollars Spent 

ApplIcant InstItutIons 

Fellow InstItutIons 

ApplIcants 

Females 
Males 

Fellows 

Females 
Males 
Black 
CaucasIan 
ASIan 

Fellow (ApplIcant) DIscIplInes 

EngIneerIng 
MathematIcs-Computer SCIence 
ChemIstry-PhYSICS 
Others 

42.5K 

16 

8 

42 

(7) 
(35) 

9 

(1) 
(8) 
(4) 
(5) 
(0) 

3(5) 
1 (28) 
1 (8) 
0(5) 

47.2K 

16 

9 

44 

(9) 
(35) 

11 

(2) 
(9) 
(4) 
(5) 
(2) 

0(3) 
5 (16) 
5 (13) 

1 * (12) 

*BIOLOGY **PHYSICAL SCIENCE ***AS OF JUNE 1981 

41. 7K 

17 

8 

47 

(7) 
(40) 

8 

(2) 
(6) 
(6) 
(1) 
(1) 

1 (7) 
5 (21) 
2 (13) 
0(6) 

56K 

18 

9 

32 

(5) 
(27) 

11 

(2) 
(9) 
(4) 
(5) 
(2) 

1 (4) 
7(16) 
2(10) 

1 ** (2) 

48K 

26 

7 

42 

(4) 
(38) 

7 

(0) 
(7) 
(3) 
(3) 
(1) 

0(6) 
3 (18) 
4 (17) 
0(1 ) 

18.5 *** 

NA 

5 

NA 

NA 
NA 

8 

(1) 
(7) 
(5) 
(2) 
(1) 

o 
6 
1 
1 

DurIng the fIrst four years of the program faculty members from 25 of 26 partIcIpatIng InstItutIons applIed 
to the program and Fellows were chosen from 18 of the 26. Also, there were appllcants from four InstItutIons not 
Included on the llst and one Fellow was selected from among those applYIng. As of 1980, all predomInately black 
colleges and unIversItIes were sent announcements of the program. 
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Program Management 

The 1980 Summer Research Fellowsh1P Program was the first to 

1nclude all predom1nately black colleges and un1vers1ties. The 

program was launched 1n October 1979 by wr1ting the Academic Deans 

or V1ce-Pres1dents for Academ1c Affairs of approx1mately seventy

f1ve of the institut10ns to announce the program and request a llSt 

of el1g1ble faculty members. 

As the lists were received, letters and brochures were sent to 

the faculty members. The letter 1ncluded information about the program 

and lndlcated how to obtaln an appllcation form and a list of 

the problems subm1tted by the Langley Research Center. Applicat10ns 

began arriv1ng 1n late December and were accepted through January 

1980, however, because of the schedules of some lnstitutions, many 

faculty members did not collect their mail in t1me to submit an 

appl1cat1on. Also, some inst1tut1ons d1d not submit lists so the 

brochures, applIcation forms and list of problems were sent to 

department cha1rpersons at those 1nstitutions. 

As the applIcations were receIved, they were revIewed by the 

Program CoordInator and most were taken to the Langley Research 

Center for dIstrIbution to the various research dIvisions. During 

the last week of February, Dr. John E. Duberg, Dr. Wayne D. Er1ckson, 

Dr. William H. MIchael, Dr. Alvin F. Anderson, Mr. FranklIn C. OWens 

(all at the Langley Research Center) and the Program Coordinator met 

to select ten participants and several alternates. These persons were 

notified of their selection by telephone and letter and were requested 

to notify the Program Coordinator of their deciSIons by March IS, 1980. 

Two persons declined the inVItation so the alternates were contacted. 



DurIng AprIl and May the Fellows were sent addItional program in

formation includIng, teh name, address and telephone number of his re

spectIve Research Associate, the general research problem to be investI

gated, some housing Information, and the time and place of the orientatIon 

meeting on June 2, 1980. 

In May 1981 Dr. Geraldine Darden resIgned from her posItion at Hampton 

InstItute and the position of Program CoordInator. The posItion was 

fIlled by Mr. John H. Spencer, ChaIrman of the Department of ArchItecture 

at Hampton Institute. Mr. Spencer assumed the duties of Program Coordinator 

in the mIddle of May 1981. 

The Fellows and the Program CoordInator met each week for a lunch 

dIScussIon perIod to review progress and to dISCUSS any common problems. 

DurIng the summer the fellows attended varIOUS programs and lectures at the 

center. The Program CoordInator visited each Fellow at least tWIce durIng 

the ten-week perIod to dISCUSS progress and concerns. Fellows were urged 

to learn as much about the operatIons of the center as possible and to try to 

find some project they might pOSSIble conduct on their own campuses. 

DurIng the fIfth week of the program one of the Fellows became III and was 

out for approximately ten days. The tIme was made up by attendIng the 

work period at the end of the project time. 

For the fIrst time a Fellow outSIde the tradItional SCIence/MathematIcs/ 

Physics disciplines was admitted to the program. ThIS Fellow conducted 

research In the Acquisitions DIvision. The oral report was very well 

received and a synopsis IS Included In this report. 

Each Fellow submItted a written synopsIs on 27 July 1981 and gave an oral 

presentation on 29 July 1981. Division Chiefs and Research ASSOCIates were 

inVIted to hear the oral reports. 

5 
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SUMMER RESEARCH FELLOI'lSHIP ACTIVITIES CYCLE 

sum·UT 
FINAL REPORT 

(SEPTEMBER) 

EVALUATE PROGRAM 
(AUGUST) 

\ 
COORDINATE PROGRAM 

ACTIVITIES 
(JUNE-AUGUST) 

\ 

SET GOALS 
SELECT 

RESEARCH TOPICS 
(OCTOBER) 

IDENTIFY ELIGIBLE 
FACULTY MEMBERS 

(NOVEMBER) 

DISSEMINATE 
INFORMATION 

~ (DECEMBER) 

REVIEW APPLICATIONS 
(FEBRUARY) 

FINALIZE PROGRAM AWARD FELLOI'!SHIPS 
DETAILS __ ~ PARTICIPANT NOTIFICATION 

(APRIL) ~ (MARCH) 



Name & Address 

B~ll~e, Annette 

Ghent, Robert C. 
Taladega College 
Taladega, Ala 

35160 

Keepler, Manuel 
Box 1656 
South Carollna 
State College 
Orangeburg, S.C 

29117 

Kr~shna, Gopala, 
M.V. 

Box 1814 
South Carol1na 
State College 
Orangeburg, S.C. 

29117 

Age 

47 

38 

37 

44 

1981 SRFP Fellow Inforwat~on 

EducatlOn Area 

B. S. - (1956) Mathema t1cs 
M.S. -(1963) Educat~on 
SC State College 
Ph.D (1974) H~gher 
Un~vers~ty of Educat~on 

Plttsburg 

BA (1964) Mathemat~cs 

Un~vers~ty of 
Oregon 
AM (1970) Mathemat~cs 
Harvard 
Un~vers~ty 

B.S. (1965) 
Morehouse 
College 
M.A. (1967) 
Columb~a 

Un~versIty 

Ph.D(1973) 
Un~vers~ty 

of Mex~co 

B.S. (1959) 
M.S. (1960) 
Un~vers~ty of 
~lysore 

M.S. (1971) 
Ph.D(1974) 
Clarkson 
College of 

Mathemat~cs 

r,lathema t1cs 
Stat~st~cs 

Mathema t1cs 

Mathewat~cs 

Ins tl tution 
& T~tle 

Fayettev~lle 

State Univers~ty 

Taladega 
College 

South CarolIna 
State College 

South Carol1na 
State College 

LaRC 
D~v~s~on 

LaRC Research LaRC Contact 
Un~t Extens~on 

_________ (804) 827-

Aero dynam~ cs 
(H~gh Speed) 
D~v~s~on 

Analys~s and 
CO!1lputat~on 

D~v~s~on 

AnalYSIS and 
Computer 
D~v~s~on 

D~v~s~on 

Subsomc
Transon~c 

Aerodynaw~cs 

D~v~s~on 

Flu~d 

Mechan~cs 

Branch 

Cowputer 
Appl1catlons 
Branch 

Computer 
ApplIcatlOns 
Branch 

Flu~d 

DymJIl'1cs 
Branch 

J. Harr~s 

John Hogge 
3547 

J. Shoosmith 
3466 

Robert 
KIlgore 

3711 

Technolo~g~y ____________________________________________________________ . ____________ __ 



00 Name & Address Age Education Area Institut~on LaPC LaRC Research LaPC Contact 
& liUe Di\~s~on Umt Extension 

(804) 827.:_ 

Matthews, Nathan~e1 45 B.S. (1962) Chem~stry/ LeMoyne Owen Aerospace fteroso1 Dave Woods 
MathematIcs College Env~ronmenta1 Meas. Pesearch 2401 

M.S. (1967) Adm~n~stra- Sc~ences Branch 
t~on and Dlv~s~on 

Supervis10n 
Ed.D(1972) Phys~cal 

Sc~ence 

E:ducatIon 
MelJlplus State Assoc~ate 

Un~vers~tr Professor 

O'Dan~e1, R~chard M. 36 B.A. (1968) PohtIcal Norfolk State Acqu~s~t~ons Acquis~tIcns V. Vann 
1556 Waters~de Dr. L~nco1n U. Sc~ence/ University D~v~s~on OperatIons ~438 

Chesapeake, Va (Pa.) Econom~cs Branch 
23323 M.B.A. (1975) 

D. Ed. (1978) 
Un~vers~ty of Assoc~ate 

Massachusetts Professor 
(Amherst) 

Rudd, Dav~d 37 B.S.(1966) Mathema tlcs Norfolk State Mar~ne and r.hss~on Dav~d Brooks 
6501 AdaH Ave. Rensselaer Un~versity Apphcations and Operations 2977 
Norfolk, Va Po1ytechn~c D~v~s~on Branch 

23506 InstItute 
M.S. (1967) Matr,cna t~cs 
Ph.D(1970) Mathema t~cs Assistant 

Professor 

St~th, John J. 36 B.S. (1973) Physics V~rg~n~a Space Systems Space Gil Walker 
2605 Hatchett Rd. M.S. (1975) Physics State Branch Technology 3781 
Petersburg, Va V~rg~n~a State Un~vers~ty Branch 

23803 Un~vers1ty 

Ass~stant Ass~stant 

Professor Professor 



NumerIcal Solution of The TIme 
Dependent Convection-DIffusIon Equation 

Dr. Annette Billie 
NASA-HI 1981 Fellow 
ComputatIonal Methods Branch 
High-Speed Aerodynamics 
Div1s1on 

The distributIon of temperature In a viscous flow IS governed by the con-

vectlon diffusIon-equation. Various numerical schemes are used to obtaIn 

solutions for the convection diffusion-equation. A comparIson between the 

numerical SolutIon and the exact solution was done at dIfferent tImes for one 

and two dimensIonal problems. 

In this research, one-dimensional, two-dimensIonal, weighted mean scheme 

(WMS) , Dufort-Frankel (DUFRANK) and weighted mean scheme + Dufort - Frankel 

(WMS + DUFRANK) were tested and compared for accuracy. In testIng the equatIon 

uSIng the one-dimensIonal case, thIS was done by uS1ng the rIght dIfference, 

left difference and central d1fference, which gave very good results as shown 

from the graph of the equatIon. (See Appendices). 

With the two-d1mensional case, uSIng the central difference only, the 

boundary layers reached a point of stabIlity faster due to reg10ns of large 

var1atlons over short lengths. 

Other numerical solut1ons were tested in completing this project. i.e •• 

the two-dimens1onal weIghted mean scheme, which gave very good results. The 

Dufort-Frankel showed stabilIty for all 6t and increased accuracy. The final 

step of thIS proJect was to test the Dufort-Frankel plus the weIghted mean 

scheme. G1ven many assigned values for 6t the test would not work. Therefore. 

a steady-state viscous flow could not be reached, 1n this research for 

the boundary-layer. 

My research assIgnment was to use several methods of solving an equation In 

IncompressIble viscous flow. The most important equation is the advection-equation 

(The process of transport of an atmospher1c property solely by the mass motion of 

9 
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the atmosphere; also the rate of change of the value of the advected property 

at a gIven pount). The Imcompresslble VISCOUS flow IS governed by the followIng 

equatIons: 

aT = 
at 

-u aT + 
ax (1) 

One-DImenSIonal EquatIon 

aT _ 
at"- -u aT 

ax 
v aT + 

ay 

2 
+ aT) --ayr (2) 

Two-DImenSIonal EquatIon 

GIven the two-dImensIonal EquatIon, there are three (3) parts that we must consIder: 

(1) 

(2) 

(3) 

T IS the tIme-dependent term and evolves wIth tIme. 

uT and vT are convectIve terms. (In general, mass motIons wIthIn a fluId 
resultIng In transport and mIxIng of the propertIes of that fluId.) 

2 2 
a (a TaT) IS the dIffusIon (In an atmosphere, or In any gaseous 

axz + ---a? 
systems, the exchange of fluId parcels between regIons, In apparently 
random motIons of a scale too small to be treated by the equatIons of 
motIon expands). 

Therefore, as the computation IS done for the above equatIon, in part three (3) of 

the two-dImensIonal case, consIderatIon must be gIven to the left dIfference, 

rIght dIfference, and the central dIfference. WIth these consIderatIons, we can now 

determIne what WIll happen when 0 has small or large values. If 0 IS large, use the 

central dIfference, If 0 IS small, use the rIght or left dIfference. 

GIven equatIon (2), second derIvatIve, the central dIfference whIch gIves a 

strong dIffusIon and good stabIlIty. Somparlsons of the approXImate SolutIons with 

the exact SolutIons were done at dIfferent tIme level. Two phenomena were experl-

enced, (1) tranSIent and (2) steady. Two phonomena were expected: (1) tranSIent 

and (2) steady-state SolutIon. 



Very good results were obtaIned from all the schemes used, except the com

bIned Dufort-Frankel + WeIghted Mean Scheme. ThIs scheme would not work for any 

gIven values assIgned. 

The area of computatIonal fluId dynamics IS very InterestIng, rewardIng, 

and most challengIng. I would lIke to return to my InstItutIon and contInue 

thIS type of research. As one objectIve I would lIke to develop and Implement 

approprIate new numerIcal technIques and turbulence and reactIon models that 

can be used. Hopefully, I can also return here another summer and further my 

research In thIS area. 

11 
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ApproX1mate Solut1on of Integral Equations Robert Ghent 
NASA-HI 1981 Fellow 
Analys1s and Computat1on 
D1v1s1on 

For several decades, mathematlc1ans 1nterpolating data w1th a 

smooth curve have often selected some type of spl1ne funct1on. Langley 

Research Center recently rece1ved computer subrout1nes wh1ch generate 

fam1l1es of sp11nes 1ncorporat1ng a freely chosen "tens1on" parameter. 

As an 1n1t1al test of these algor1thms, John Hogge of the Computer 

App11cat10ns Branch suggested solving a system of 1ntegral equat1ons. 

W1thout uS1ng the tens10n parameter, CAB member Steve Park had already 

demonstrated the effectlveness of Slmllar subroutines In flnding the 

d1str1but10n of the earthls total rad1atlon as a funct10n of wavelength. 

Draftsmen employ flex1ble wooden laths, called sp11nes, to sketch 

smoothly through a sequence of f1xed p01nts, called knots. Pul11ng on 

the ends would cause a stra1ghten1ng between knots, A linear differential 

equat10n for elast1c equ1libr1um of each section is ~II II _ p2~11 = 0, 

where p 1S the tens10n 1n the spl1ne curve y = ~(x). Solut1ons can 

be expressed as l1near comb1nat1ons of I, x, ePx and e-Px. Boundary 

cond1t10ns force the curve to pass through each know locat1on w1th 

cont1nuously varr1ng slope and curvature. 

To formulate an 1ntegral equat10n problem, 1mag1ne m sensors 

measurlng rad1ation lntenslty. Ideally, each would detemr1ne the value 

of the unknown rad1at1on funct10n f(x) at one wavelength x. Rea11st1cally, 

readlngs are a weighted average over a short range of the spectrum. If 

k1 (x) denotes the sensit1v1ty of the 1th 1nstrument, then 1tS measurement 

1S represented by bi = !Ki(x)f(x)dx, over a sU1table 1nterval of 1ntegrat1on. 



Many functIons would satIsfy the m equatIons. PhYSIcally It IS 

reasonable to assume f(x) can be approxImated by a lInear combInatIon 

of well-behaved baSIS functIons, splInes under tenSIon in thIS case. 
n 

If f (X) = E 1 c ~ (X) , 
J= J J 

n where { ~J} 1 denotes an approprIate 

baSIS set, then the Integral equatIon problem reduces to one of lInear 

algebra: b 
1 

f K (x)f(x)dx 
1 

n 
E 1 c f K (x)~ (x)dx 

J= J 1 J 
By SIngular 

value decompOSItIon technIques, the computer can solve for { c } nand 
J 1 

thus for f(x) , even If the m X n matrIX (( K (x)~ (x)dx )) IS not square. 
1 J 

In actual satellte observatIons, measurements not only have errors 

but are also partially redundant, due to overlappIng sensitIVIty bands. 

The technIque outlIned here produced good fInal approximatIons nonetheless. 

Puzzling inconSIstenCIes In early experiments thIS summer led to the 

dIscovery of a faulty computer subroutIne. Langley Research Center now 

has the correct verSIon. 

f p~ .. ~ 
f .L\ 
E~. 
U • 

~. 

f 
f ./\ 
E ~. 
E/l • • 

~. • 

Sample Spline Basis FunctIons USlnb FIve Knots, WIth (nght) and 

WIthout (left) TenSIon 

13 



A Macsyma Appllcatlon Manuel Keepler 
NASA-HI 1981 Fellow 
Analysls and Computatlon 
Dlvlslon 

Macsyma lS a large and versatlle computer programmlng system 

wrltten In LISP whlch lS speclflcally designed for performlng algebralc 

and symbollc as well as numerlcal manlpulations. It lS lmplemented on 

a PDP-lO computer at the Massachusetts Instltute of Technology whlch lS 

accesslble to NASA users from certaln interactive termlnals Vla the 

Advanced Research ProJects Agency (ARPA) network. ThlS summer, under the 

overall dlrectlon of Dr. John Shoosmlth wlth asslstance from Dr. Sandra J. DeLoatch, 

efforts were made to solve a substantlve problem of lnterest to a member of the 

Analysls and Computatlon Dlvlslon (ACD) uSlng Macsyma. 

A grld generation technlque called the "two-boundary technlque" has been 

developed and applled to the solutlon of the two or three-dlmenslonal 

compresslble Navler-Stokes equatlons by Dr. Robert E. Smlth (ACD) and others. 

The compresslble form of the Navler-Stokes equations adequately descrlbes 

aerodynam1c flow so If It was posslble to eff1ciently solve these equat10ns there 

would be llttle need for experlmental tests to deslgn fllght vehlcles. Currently, 

MacCormack's method for solvlng these equatlons lS very popular for aerodynamlc 

calculatlOns The goal of the present endeavor is to apply MacCormack's 

lmpllclt method to the grlds generated by the two-boundary technlque. 

Macsyma has been used In an essentlal manner In thls proJect to make certaln 

matrlx calculatlons. In applYlng MacCormack's lmpliclt method wlth a grld 

transformatlon, It lS necessary to calculate the elgenvalues of Jacoblans 

assoclated w1th the transformed Navler-Stokes equations. After the Jacoblans 

are calculated, Macsyma lS employed to flnd the elgenvalue (a task that lS 

lmposslble to do by hand). Although some progress has been made towards 

completlon of thls obJectlve, due to the sheer magnltude of the problem and to 

14 



techm.cal d1fficul tles W1 th MacsyJl'a (lnsuff1cient storage), more work lS needed 

to reduce the Jacob1ans to a form where Macsyma can take over the e1genvalue 

determmation This project has shown tpe advantages and shortcom1ngs of 

computer1zed syJl'bol1C man1pulation, Macsyma being the most advanced. Large 

complex problems h1th many var1ables are st1ll unsolvable, but cons1derable 

1ns1ght 1nto the So1ut10n process lS obta1ned. 
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Appl~cat~on of MacCormack's Explicit 
Impl~c~t F~n~te D~fference Scheme 

Dr. M. V. Gopala Krishna 
NASA-HI 1981 Fellow 
Subson~c-Transon~c 
Aerodynam~cs Div~sion 

The project was to apply the new MacCormack's Expl~c~t Implic~t 

F~n~te D~fference Scheme to Euler equat~on solution for transon~c flow 

about nonl~ft~ng a~rfo~ls and circles. 

The ~mpl~c~t scheme uses the explicit scheme as ~ts first stage. 

The equat~ons are therefore first solved by us~ng explic~t scheme. In 

the expl~c~t scheme computat~onal gr~d cons~sted of 65 po~nts ~n the 

hor~zontal d~rection and 25 in the vert~cle direction. A max~mum of 

300 ~terat~ons for the 1625 po~nts were used to obta~n Converg~ng~ng 

Solution. On the lower boundary property of reflex~on and one s~ded 

d~fference were used. To obta~n better approx~mat~on after each time 

step the pred~ctor and the corrector steps were sw~tched. Var~ous solid 

boundar~es such as c~rcular are a~rfo~l, parabolic are airfo~l, Kaplans 

bump, Wedge-og~ve and NACA 0012 a~rfo~l were considered. For each sol~d 

boundary, plots of CP and Mack number were obtained when Mack number ~s 

0.4. The results are ~n very good agreement w~th those obta~ned by other 

methods for the same boundary condit~ons, but the computer time needed ~n 

th~s method ~n much less. In the case when Mack number is 0185 fourth 

under Smooth~ng term were used to capture the shock and dampen undes~rable 

oscillat~ons. 

Two subprograms are wr~tten to ~mpl~ment the Impl~c~t Scheme. These 

subprograms are used to sweep first towards the lower boundary in the 

Pred~ctor step and then away from th~s boundary ~n Corrector step by 

chang~ng an ~ndex to 1 or O. S~m~lar~ty ~n the X direct~on step and in the 
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Oppos1te direct10n 1n the corrector step. F1nal results from the Imp11c1t 

Scheme w1ll be ready before the end of the SUIT~er program. 
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Effects of Alt1tude/Pressure on 
The Aerosol Slzlng Character1st1cs 
of a Quartz Crystal ~hcrobalance Cascade 
Impactor 

Nathan1el Matthews 
NASA-HI 1981 Fellow 
Atmospher1c Env1ronmental 
SC1ences D1v1s1on 

Over the past several years NASA has conducted a number of fl1ght 

exper1ments a1med at assess1ng the effects of aerosols on global cl1mate. 

These f1ne part1cles suspended 1n the atmosphere, will 1nteract w1th 

solar rad1at1on through scatter1ng and absorpt1on and thereby alter the 

earths temperature. The fl1ght exper1ments are therefore des1gned to 

measure those parameters Wh1Ch affect the scatter1ng and ahsorpt1on of 

solar rad1at1on. One such parameter Wh1Ch plays an 1mportant role 1n 

scatter1ng rad1at1on lS the aerosol Slze distr1hut1on. The role of the 

slze d1str1but10n NCr) lS reflected 1n the express10n for the scatter1ng 

coeff1c1ent of an ensemble of polyd1sperse part1cles. 

aCr) Eq. 1. 

where aCr) - the scatter1ng coeff1c1ent 

r - the partlc1e radius 

K - scatter1ng eff1c1ency 

A - the wavelength of 11ght 

NCr) - the part1cles Slze d1str1bution 

The method used to measure NCr) 1n these fl1ght exper1~ents employs a 

p1ezoelectr1c m1crobalance cascade impactorl which 1nertially separates 

part1cles 1nto ten Slze 1ntervals rang1ng from approximately 0.05 ~ to 

25 ~m diameter. The mass of the particles 1n each Slze 1nterval lS measured 

d1rectly by means of p1ezoelectr1c m1crobalances. The f1nal data are 1n 

the form of mass as a funct10n of particle d1ameter Wh1Ch is then converted 

to number concentrat1on Cnumber of part1cles per cm3) as a funct10n of 

part1cle d1ameter. 
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The express10n for the d1ameter of part1cles Wh1Ch w1ll 1mpact 1n a 

glven stage of the cascade 1mpactor lS given by 

1. 9 ~ dJ 
C P VJ Eq. 2. 

where: 0 - d1ameter of part1cles hav1ng 50% probabil1ty of 1mpact1ng 

fl - v1scosi ty of a1r 

dJ - Jet d1ameter 

p - mass dens1ty of the part1cles 

Vj - velosity of the part1cles through 

C the cunningham Sllp correct1on 

An emper1cal express10n for C lS 

where: Ps 

Ps-l 

C 1 + 
0.16 Ps-l 
-0- Ps 

pressure 1n stage s 

pressure 1n stage s-l 

When Ps=l, Ps-l = amb1ent stat1c pressure. 

the Jet 

Slnce the Cunn1ngham SllP correct10n depends on pressure it can be 

seen from Eq. 2 that the d1ameter of part1cles Wh1Ch w1ll 1mpact 1n a 

glven stage also depends on pressure. The 1nstrument 1S flown over a 

w1de range of alt1tudes (pressures) Wh1Ch means a separate set of 

Cunn1ngham Sllp correct1ons and therefore 1mpact1on d1ameters for each 

alt1tude. The 1nstrument is currently be1ng calibrated w1th an 1nlet 

pressure equ1valent to an alt1tude of 60,000 feet. The problem therefore 

1S to calculate correct10ns to be applied to the cal1brat1on for other 

alt1tudes. 

A calculator program wr1tten for the TI-59 desk calculator was used 

to calculate 0 from equat10n 2 by vary1ng the ambient pressure. Table 1 
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shows the calculated lmpactlon diameters for each lmpactor stage for 

altltudes of 45, 50, 60 and 70 thousand feet. It can be seen that the 

lmpactlon dlameter on a glven stage decreases wlth lncreasing altitude. 

The dlameters ln Table 1 at 45, 50 and 70 thousand feet were compated to 

those at 60,000 feet and the dlfferences were expressed ln terms of a 

percent correctlon (Table 2). These corrections can be applled to the 

callbratlon for 60,000 feet to obtaln the correct dlameters for the other 

a1tltudes. Flgure 1 shows the correctlons graphlcal1y for stages 1 and 10. 

1Chuan, R. L., "An Instrument for the Direct Measurement of Partl
cu1ate Mass," Aerosol SClence, 1, 111-114, 1970. 

TABLE I 

Calculated Partlc1e Dlameter Per Glven A1tltude 

ALTITUDE IN 1000 FT (MICROMETERS ) 

STAGE # 45 50 60 70 

1 33.37 32.8 31.1 28.8 
2 16.68 16.4 15.56 14.4 
3 8.34 8.2 7.78 7.2 
4 3.97 3.95 3.63 3.27 
5 1.80 1.72 1.50 1.25 
6 0.83 0.756 0.628 0.49 
7 0.369 0.322 0.251 0.18 
8 0.189 0.165 0.126 0.09 
9 0.122 0.106 0.078 0.06 

10 0.096 0.084 0.061 0.04 
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TABLE 2 

CORRECTING PERCENTAGES BASED ON 60,000 FT 

ALTITUDE IN 1000 FT (%) 

STAGE # 45 50 60 70 

1 +7.3% +5.5% 0% -7.3% 

2 +7.2% +5.5% 0% -7.5% 

3 +7.2% +5.5% 0% -7.5% 

4 +9.9% +8.8% 0% -9.9% 

5 +20% 14.6% 0% -16.6% 

6 32% 20% 0% -22% 

7 +47% 28% 0% -28% 

8 +50% 32% 0% -26% 

9 +56% 35% 0% -28% 

10 +57% 37% 0% -33% 
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"An AcqUISItIon DIVISIon Data Input and 
RetrIeval System DeSIgn Study" 

RIchard M. O'DanIe1 
NASA-HI 1981 Fellow 
AcqUISItIon DIVISIon 

ThIS abstract prOVIdes a brIef narratIve overVIew of thIS summer's 

research proJect WhICh conSIsted of a deSIgn study of the date Input and 

retrIeval reqUIrements for a new AcqUISItIon DIVISIon InformatIon System. The 

maIn goal of the study has been to Identify and analyze the baSIC logIstIcal 

reqUIrements necessary for developIng a data Input and retrIeval plan, such 

as phYSIcal layout, organIzatIonal flow, procurement process, document flow, 

InformatIon flow, and data element responSIbIlIty. 

To achIeve thIS task and prOVIde re1event recommendatIons the follOWIng 

SIX obJectIves were establIshed. These obJectIves lIsted below represent the 

maJor actIons taken durIng the course of thIS summer's study. All but the 

goal at thIS stage of the new systems development. Nonetheless, thIS obJec-

tlve mIght be further pursued In a future research effort. 

1. InterVIew Contracts Branch Head and two ASSIstant Heads. 

2. InterVIew AcqUISItIon OperatIons Branch, PurchaSIng SectIon Head, Closeout 
Staff, PrICIng OffIce, OperatIons AnalySIS ~1anagement InformatIon System and 
Industry ASSIstance Staff. 

3. DetermIne the average PR/PO and contract load by volume and data reqUIrements 
assocIated WIth each. 

4. IdentIfy organIzatIon of staff by offIce locatIon, numbers and average work 
load. 

5. Develop estImate of lOgIStIC reqUIrements for· data Input tIme by total, 
PR/PO and contracts, locatIon and number of Input faCIlItIes; and personnel 
needs of new system. 

6. SOlICIt and develop suggestIons for data Input document format, flow, tImIng, 
proceSSIng and Input personnel. 

In summa!),_, the maJor thrust and most VISIble result of thIS summer's effort 

has been the development of an AcqUISItIon DIVISIon Purchase Request/Order 

and Contract Data Information Flow ResponSIbIlity Graph or Chart. ThIS Chart 

prOVIdes a valuable VIsual aId for understandIng the procurement process and 
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Its data requIrements. It has already proven itself to be a valuable visual 

aId to BCSD, the systems contractor P.R.C., other Langley DIvIsIons and 

students In the classroom. ThIS summer's experience has been a most rewardIng 

endeavor whIch has permItted a mutual exchange of benefIt between NASA Langley 

Research Center and Norfolk State UnIversity. In clOSIng I would like to 

express my sincere apprecIatIon for the opportunlty to participate and hope 

to be Involved In future research here at the center. 



A Stat1st1cal Model for 
D1urnal Cloud-Cover Var1at1on 

Dav1d Rudd 
NASA-HI 1981 Fellow 
Mar1ne Appl1cat1ons 
Technology D1v1s1on 

Because the Earth exper1ences both an 1ncome (from the Sun) and an 

outgo (through reflect10n and em1ss1on) of rad1ant energy, the assoc1ated 

processes are referred to collect1vely as the Earth's rad1at1on budget. 

Var1at1ons 1n cloud cover play an 1mportant role in rad1at1on-budget 

measurements (It is est1mated that two th1rds of the Earth's reflected 

rad1at1on and one half of the em1tted rad1at1on come from clouds), but the 

general unpredictab1l1ty of clouds, coupled w1th the1r 1mprec1se phys1cal 

nature, leads to ObV10US d1ff1cult1es 1n attempts to account for them. 

A data set known as the GOES data (Geostat1onary Operat1onal Env1ron-

mental Satell1te) conta1ns 24 hourly measurements (of cloud cover) for each 

day of an ent1re (30-day) month. The measurements were taken over an area 

of the globe conta1n1ng the cont1nental U.S., most of South Amer1ca, and 

port1ons of the Atlant1c and Pac1f1c Oceans. The area was subd1v1ded 1nto 

1600 reg1ons, each 250 x 250 km. 

Past work w1th th1S data set, 1nvolved comput1ng the range R of the 

mean hourly cloud covers. Thus, 1f C1J denotes the cloud cover (as a 

fract10n between 0 and 1, 1nclus1ve) at hour J and day 1, then R 1S 

the d1fference between the largest and smallest members of the collect1on 

J " 1.2 ..... 24]l . 

In general, th1S number does not accurately represent the d1urnal 

range, however. For example, there were reg10ns over the U.S. where R was 

as small as 7 percent, yet for 20 out of the 30 days of the month, the 

d1urnal var1at1on 1n cloud1ness was over 25 percent, and there were 8 days 

when the var1at1on was over 80 percent. 
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As an attempt to descr1be the d1urnal range and to ascerta1n 1tS 

slgn1f1cance, 1t was dec1ded to look at the mean and var1ance of the 

stat1st1c d1 = max C1J 
J=1,24 

m1n C1J for 1 = 1,2 ••• 30. 
J=1,24 

Because of the expected var1at1on 1n patterns of cloud cover and because 

of prev10us work 1n analyz1ng cloud data, a beta d1str1but1on was postulated 

as descr1b1ng the populat1on. 

The (transformed) beta dens1ty funct10n 1S def1ned by 

r(a + b~ 
r(a) r( ) 

a-l b-l 
x (l-x) 

o otherw1se. 

for O<x<l 

Of course, the populat1on parameters a and b are not known, but by 

uS1ng the sample mean x and the sample var1ance s2, we can obta1n the 

approx1mat1ons a* and b* glven by 

b* = (l-x) [X(l-x) - s2J/s2 and a* = Xb*/(l-x) 

After these parameters were computed, a compar1son was made for several 

reg10ns uS1ng the sample cumulat1ve d1str1but1on funct10n and that glven by 

the 1ncomplete beta funct10n 

x 
I(x) = fBa,b(t) dt. 

o 

The Kolmogorov-Sm1rnov Test for goodness of f1t was appl1ed at the 

reJect10n level a =.05, and the results were well w1th1n the llm1ts of 

the test. 

Thus, glven any of the 1600 reg1ons, the beta funct10n can be used to 

compute the probab1l1ty that the d1urnal var1at1on 1n cloud cover w1ll be 

greater than any preass1gned number. 
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John H. StIth ElectrochemIcal TechnIque for EvaluatIng 
Layers of Polycrystalllne GaAs NASA-HI 1981 Fellow 

Space SCIence DIVISIon 

At the present tIme there IS a large amount of Interest on the growth 

of thIn layers of polycrystalllne N-type gallIum arsenIde for fabrIcatIng 

solar cells. ThIS Interest stems from the possIbIlIty that solar cells made 

from thIS materlal can be cost effectIve because the polycrystalllne waterlal 

can be grown on InexpensIve substrates and the cells have reasonable effIcIency 

due to the dIrect bandgap nature of GaAs. ConventIonal measurement technIques 

such as Hall Effect, four-polnt resIstIvlty probe, and capacItance-voltage 

technIques, whIch are very useful for evaluatIng layers of SIngle-crystal 

materIal are very dIffIcult to Interpret for polycrystalllne materIal due 

to the presence of graIn boundarIes. ImpurIty segregatIon and a large denSIty 

of defects assocIated wlth graIn boundarIes can cause the dopIng concentratIon 

In a polycrystalllne materIal to be nonunIform not only over large areas, 

but even from graIn to graIn dependIng upon the SIze. Proper determInatIon 

of the dopIng concentratIon In a polycrystalllne materlal requlres the use 

of a measurement technIque capable of determInIng not the average dopIng 

concentratlon, but InformatIon concernIng the percentage of area as a functIon 

of the dopIng concentratIon. Jose Borrego and Sarab Ghandhi, two researchers 

at Rensselaer PolytechnIc InstItute, proposed that an electrochemIcal technIque 

could be used to determIne the varIOUS dopIng concentrations and the corre-

spondlng area percentages for the sample. 

DurIng thlS summer at NASA the proposed electrochemIcal technIque has 

been under Investlgatlon to determIne whether It IS reliable for evaluatIng 

polycrystalllne samples of GaAs grown here. 

The technIque Involve analyzIng the tIme behavIor of the anodIZIng 

current used to oXIdIze the surface of a polycrystalllne sample. An oXIde 

wIll only begln to form on the areas of the surface that have reached 

breakdown voltage. The voltages at lihlch the varIOUS areas of the surface 
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break down depend upon the dopIng concentration. The graIn boundarIes act 

as traps for the dopant and WIll usually have the hIghest concentratIon of 

dopant and are the fIrst to oXIdIze. Dopant diffuse more rapIdly from the 

graIn boundarIes Into the smaller graIns than Into large graIns and therefore 

the dopIng concentratIon IS greater In the small graIns than In the large 

graIns. The areas of the surface made up of small graIns WIll break down 

before the areas made up of the large graIns because of the hIgher doping 

concentratIon In the small graIns. As the oXIde layer bUIlds up the voltage 

across the sample Increases and the areas of hIgher breakdown voltages 

wIll breakdown and begIn to OXIdIze. WIth the bUIld up of the OXIde layer, 

the anodIzIng current decays exponentIally for a partIcular surface area. 

If the surface area over whIch the oxidatIon is taking place IS Increased, 

(whIch occurs when other areas of the surface break down) the current WIll 

vary from ItS exponentIal decay. The voltages at WhICh the various areas of 

the surface break down are determIned by makIng a semllog plot of anodIZIng 

current versus tIme. The break down of the dIfferent areas are IndIcated by 

changes In the slope of the curve. The breakdown voltages can then be determIned 

for these areas and from the voltages the dopIng concentratIon can be determIned. 

The slope of each segment of the curve over whIch the exponential decay of 

the current IS IndIcated IS used to determIne the percentage of area for each 

breakdown voltage. 

At thIS point, prelImInary results indIcate that thIS electrochemIcal 

technIque IS very promIsIng one for the polycrystalllne layers' evaluatIon. 
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Some S1gn1f1cant Accomp11shments, 1976-1981 

The Summer Research Fellowsh1p Program was 1n1t1ated 

at the Langley Research Center during the summer of 1976. 

S1nce that time, some s1gn1f1cant techn1cal contr1butions 

have been made by Summer Research Fellows. Only one from 

each Program year is br1efly d1scussed below. 

1976 Plans for the future ut1l1zat1on of space 

1nd1cate the necess1ty for the construct1on 

of large space structures. S1nce strong 

grav1tat1onal forces w1ll be absent, these 

structures can be assembled uS1ng l1ght

we1ght mater1als wh1ch are generally flex1ble. 

Dr. Taft H. Broome, a Fellow from Howard 

Un1vers1ty, 1nvestigated the feas1b1l1ty 

of stiffen1ng flexible large area space 

structures by means of cables. The scope 

of his analys1s included cantilevered booms 

of constant cross-section. Dur1ng that 

summer, Dr. Broome stud1ed six d1fferent 

cable stiffening schemes wh1ch prov1ded 

acceptable results, and upon returning 1 0 

Howard Un1vers1ty for the 1976-1977 academic 

year, cont1nued th1s research by studY1ng 

add1t1onal schemes. 
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1977 Dur1ng the past several decades, the use of 

the computer to solve research problems has 

1ncreased to a level Wh1Ch 1n some cases de

mands opt1mal eff1c1ency 1n computer ut11i

zat1on. One case lS the Solut1on of part1al 

d1fferent1al equat10ns 1n steady-state time 

dependent problems. 

Dr. W1111am H. Lee, a Fellow from North 

Carol1na Central Univers1ty, developed a 

f1n1te-d1fference numer1cal method Wh1Ch 

reduced, by a factor of ten, the amount 

of computer time generally necessary to 

solve th1S class of problems. 

1978 Currently, there 1S 1nternational concern 

about pollut1on of the natural enV1ronment. 

The Mar1ne EnV1ronments Branch at the Langley 

Research Center 1S developing methods of de

term1ning var10US levels of pollut1on 1n water. 

Although some data 1S gathered using remote

sens1ng techn1ques, an effort 1S also being 

made to develop mathemat1cal models that may 

be used to pred1ct pollut10n levels 1n water. 

Dr. Demetrius D. Venable, a Fellow from St. 

Paul's College, developed a computer model 

using the Monte Carlo techn1que to evaluate 

solar radiation scattered from water for a 

non-homogeneous pollutant profile. The use 



of th1S model w1ll reduce the amount of data 

gathered by a1rcraft to determ1ne the levels 

of water pollut1on and 1mprove the accuracy 

of pred1ct1ng pollut1on levels 1n water. 

1979 Graphite, a mater1al formed from carbon and 

wh1ch because of 1tS properties of durable 

strength, llght we1ght, res1stance to h1gh 

temperatures and corrOS1ve chemlcals, 1S 

be1ng used 1n tpe manufacture of a1rcraft, 

automobiles and var10US consumer goods. The 

Mater1als Research Branch of the Mater1als 

D1V1S1on at Langley Research Center has been 

perfor~lng un1ax1al compress1on tests of high 

strength graphite-epoxy lam1nates and have 

resul ts show1ng that Young I s modu.lus and 

fracture stress depend upon the spec1mep 

d1mens1ons. Dr. Robert Re1ss, a Fellow 

from Howard Un1vers1ty developed an ana1yt1-

cal model that expla1ned the exper1mental 

results. This model 1S relat1vely easy to 

automate, therefore, some predict10ns w1ll 

be poss1ble w1th the use of the computer. 

1980 Today, the use of robots for 1ndustr1al 

purposes 1S more prevalent than ever be

fore. Slnce most robots presently used 

are "bl1nd", 1t 1S necessary for the soft

ware controlling these robots to be de-
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veloped so that when lt lS more feasible 

for the robot to see, lt wlll be able to 

do so. 

Dr. John W. Bales of Tuskegee Institute 

developed a system of speclal marks to be 

placed on parts to be located and ldentl

fled by a robot V1Slon system. As a 

result, he was asked to wrlte a NASA 

Technlcal Paper and he has done so. 

1981 For several years SClentlst have been 

concerned wlth pollutants ln the 

atmosphere. Flne partlcles suspended 

ln the atmosphere, wlll lnteract with 

solar radiatlon through scatterlng and 

absorption and thereby alter the 

earths temperature. NASA has, over the 

years, conducted a number of fllght 

experlments almed at assessing the effects 

of aerosols on global cllmate. 

Mr. Nathaniel Matthews of Lemoyne-

Owen College has done research on aerosol 

Slze dlstrlbutlon as one of the many 

parometers of thlS problem. He plans 

to contlnue his research ln the area of 

environmental sampllng for pollutants 

that have upset the balance of llfe in 

the atmosphere 



EvaluatIon 

The 1981 Suwmer Research FellowshIp Program operated very smoothly 

wIth no dIffIculties. ThIS can be attrIbuted to the advance plannIng by 

Dr. Darden prIor to her departure and to the support gIven by NASA 

personnel. 

The 1981 Research Fellows all reported that theIr research asslgnwents 

were both InterestIng and challengIng, theIr Research AssocIates were 

accessIble and helpful and theIr offIce accommodatIons were adequate. 

For the fIrst tIme the program was expanded to Include a Research 

Fellow outsIde the usual technIcal areas of MathematIcs, phYSICS and 

Computer SCIence. Dr. RIchard O'Danlel was accepted for a posItIon 

In the AcquIsItIons DIvIsIon. HIS research Into and hIS fInal report 

gave a new look at the AcquisItIons process. 

Each of the Fellows IndIcated they had dIscussed the possIbIlIty 

of returnIng to Langley/NASA and also the possibIlIty of contInuIng the 

research proJect at theIr home InstItution. 

In July the CoordInator was Inforwed of Langley/NASA's Intent to 

dIscontInue the NASA/HI Program. ThIS InformatIon was passed on 

to the Research Fellows. Each expressed regret over the demIse of 

a program whIch had provIded research opportunItIes for faculty from 

mInorIty Institutions. 

From the CoordInators pornt of VIew, the Fellows were cooperatIve, 

conscIentIOUS, hard-workIng and very easy to work wIth. All Langley 

personnel were very cooperative and took all possIble steps to gIve 

support to the Summer Research Program. 
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