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1. INTRODUC TION

This document reports the work comp leted under Contract No.

DNAOOI- 75-C-0040 by Meteorology Research , Inc . (MRI) during the

fiscal years 1975 and 1976.

MRI supported Defense Nuclear Agenc y (DNA ) and Air Forc e

Cambridge Researc h Laboratories (AFCRL) in HEART, SAMS , and

FLAME h y d r o m e t e r  sampling programs at Wallops Island , Virginia.

This support consisted of a leased Cessna Citation jet aircraft

specially instrumented and operated by MRI for the  t e s t i ng  per iod.

The instrumentation included a programmed INS leased from Litton

Aero Products and modified for the HEART sampling missions.

Data analysis consisted of a “Qu i c k - L ook ” report issued within

72 hours  of an operation . pre l iminary  data  summaries ,  and f ina l

mission reports.

An additional scientif i c task was u n d e r t a k e n  at the r equest  of

AFCRL/DNA.  Thi s task invo lved  the review of C-130 and C it a t i o n

PMS data for the purpose of evaluating the operation of par t i c le  s iz e

spectrometers. This work is reported i n  Report No. DNA 3991 1”.
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~~~. LEASE C I T AH O N  N 5 I I C C

A lea se  was r l f ’ Cu t i a  tc (I w i t h  Al p ine  Al rc r~I f t  C h a r t e r s , In c .

D e n ver .  Colorado , gua r a n t ee i n g  ex c l u siv e  use  of Cessna  C i t a t i o n

N 5 1  I CC beg inn ing  on 16 N o v em b er  1974 and  I c  r r n i n a t i n g  on 1 5 A p r i l

1 97~~. An opt ion  to  ext cnd  th e  lea se  was i n c l ud e d  to allow for  the

pos ~~’i ble ex tens i on  of t e s t  ope ra t i ons  beyond the  sch e du led  t e r n  if lG ion

d a t ~ of 31 M a r c h  1 9 75 .  On 26 M a r c h  19 7 5 , M R I  r ec e i ve d  a TVi ’X

f r om I)NA extending  t h e  H E A R T  p r o gr a m  to allow mis si l e  DW~ to be

launched  t h r ou gh  su i t a b l e  w e a t her .  The new p ro i~ram cu to f f  (late  was

cxl  ended to 30 Apri l I ~ 75 and  t h e  C i t a t i o n  lea s e  w a s  ex tend ed  ;tu ’cordi  ng l y .

Al pi ne  A i r c r a t t  ( :1101 r ter s , In c .  n s a in t a in e d  t h e  a i r c r a f t , a v i o n i c s ,

eng i n e , and s u b s y st  ems and pc rfo rmcd all  r o u t i n e  t o e  r i t cnan  e in sp e c  —

t i o n s  as p er  the  lease a g r e e i l) t ’f l t .  M a i n t e n a n c e  wor k  p e r f o rmed on

t h e  air c  ra f t  was s c h e du l e d  so as n ot  to  im pact  t e s t  op& ’ r a t i o n s ,  and

was  s u p e r v i s ed  b y the  f u l l — t i m e  ( o p i ] o t  / c r cw  c h i e f  p r o v i d e d  , in der  t h e

ai rc r a f t  lease  ag re cme n t .

I n s u r a n c e  co v e r a ge  w a s  p r o v i d ed b y Al p in e  Ai r c r a f t  ( ‘ h i r t I r s ,

In c .  a n d  the  cost  inc luded  i n  the  l e a se  p r i c e  of the  a i r c r a f t .  Per  1h e

- 
DNA c o n t r a c t  work s t a t  croon )  the fo i l ’  w i n g  m i nim u m  am i  -~ (~ I - of

i n s u r a n ce  was p r o v i d e d :

a .  A i r c r a ft  Hull  I n s u r a n c e  — full  covc ra (~C

b. Bodi l y I n j u r y ,  o t her  t h a n  p a s sen g er  l i ab i] i t y — $~ 50 , 01)0

c . P r o p e r t y Damage — $5 0 0, ( ( U t )  p er  a c c i den t

d. P a s s e n ger  L i a b i l i t y  •- ~ 10 ( t , 000 p er  p a s s cn e er

A copy of the c e r t i f i c a te  ni  i n s u r a n c e  is i n c l u de d  in the B i —

m o n t h l y Repor t  dated 13 J anua ry  1975 , Supp lemen t  No. I - i  A ppendix  B.

1 
-

- ~~•



The lease provided for unl imi ted  u sage  of the airc raf t  dur ing
t he period of the a g r e e m en t .  A l i s t  of all fli gh t s  of the C i ta t i on  is
provided in the Bim o n t h l y  Reports , see Supp lement No. 1 .

An MRI  p rogra m manager  mainta ined close contac t  with Al pine
Airc raft  h a r t e r s , Inc . to ensure  all lease provisions were ac-
comp lished and all necessa ry  maintenance  was performed on the air-
cra ft .  All invoices  were examined and flig h t t ime c harges  w ere
verified with any conflicting items being resolved .

i-
1-
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3. CITATION CREW AND AIRCRAFT SUPPORT

A consulting agreement  was negotiated with a Citation rate d

captain to be available to support all HEART and F LA M E  ope ra t ions ,

assoc ia ted  meetings, b r i e f i n g s , and alerts  throughout the deploy ment

pe riod at Wallops Flight Cente r , Vi rg inia. The C itation cap t ~~in ,

copilot/crew chief , and in s t rumen t  operato r were p er m a n e n t ly r e loca ted

to the v ic in i ty  of Wallops Flight Cente r and remained ther e  fo r  the

duration of the program.

The MRI program manage r and sensor technician were available

on an as-needed basis. The program manager monitored the fol lowing:

a. Activities of the crew.

b. Statu s of the Citation aircraft  and its instrumentation

package.

c. Procuring and shipping consummable and crew support

items as they were needed.

d. Arranging the replacement of crew members as the need

arose.

c . Closely monitoring the packaging, shipment , and r ece i pt

of data.

f . Handling custome r ’ s requests for special service s

as the need arose.

All consummable supplies , spare parts , and maintenance kits

required to operate the Citation aircraft and its sensor package were

procured and shipped to Wallops Flight Ce nter and used as needed

throughout the program. An MRI program manager was in daily contact

wi the support crew and any needed supplies or spare parts were

shi pped as soon as possible . In thi s way , the aircraft  and every part

6
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of the sensing package was available fo r  program support in a 100 percen t

read y condition almost constantl y.

One foil impacto r . MRI  Model I Z Z O A , and one MRI  portable

instrument package were provided for  the dura t ion  of the program.

P
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4. DA t A  A N A L Y S I S

rh r ec  ty p e s  1) 1  r c ç) ~~ i t s  a na l y z i n g  t h e  d at a  wi re  su lirnitteci for  DNA

tu A F CR L .  A ‘ ‘ Q u i c k —  Look ’’  r ep or t  was  i s s u e d  w i t h i n  72 h o u r s  a f t e r  an

ope r a t i o n , re~ ~~~ in g  the  a i r c  r a f t  and s e n sor  p e r f o r m a n c e .  A P r e l i r n i—

n ar ~ l i a l a  Sumn ia  r~ was  d e l i v e r e d  w i t h i n  one wee l~ a f t e r  t h e  o p e r a t i o n .

w h i c h  - - u n t a m ed e s t im a t e s  of t h e  i c e — w a t e r  c o nt en t  and  h om ’’~ ( -~~~i t y

p r o f i l e s  based u p on  I O f l h i n a l  s i z e — m a s s  t a bl e s .  The f i n a l  r e p or t  d i s c u s s ed

t h e  r e su l t s  of the r e p l ica  to r t ape  a n a l y s i s  in d e t a i l  and ‘con ta ine d  f i n a l

s i ? c — m a s s  tables , , i n ber  d en s i t y s p e c t ra  and  i c e — w a t e r  c o n ten t  ho mn o—

g en e i t y  p r o f i l e s .  The d a t e s  these  r e p o r t s  wer e  j s s u ed  a re  inc luded in

the  fol lvwi n~ t ah l - . Cop ies  of t he se  r ep o r t s  ar e  i n c lu d e d  as  Supp lement

No.  2.
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~~~. LEASE OF LITTON LTN-5 1  IN E R T I A L NAVIGATION SYSTEMS

A le a s e  ;tg r & - ~~in e n t  w c  S n e g o t  i t t ed  w i t h  L i t t on  Aero  P roduc t s

p r o v i d i  ig f u l l — t i m e  u se  of two L i t t o n  L F N —  a ! i n e r t i a l  n a v ig a t i o n a l

5\~~~l 1-1115 fo r  t i l l  1 n t i  r e l e n g t h  of t h e  c o n t r a c t  p er i o d .  A s e r i i i — a n n u a l

( s i x - m o n t h )  l e - a s i - w as  n e g o t i a t e d  due to the  cos t  s a v i n g s  compared to a

i i i o i i t h l v lea s e  fo r  f i v e  m o n t h s .  A copy of t h e  lease a g ree m e n t  is i n c l u d e d

in  the B i m o n t h l y R e p o r t  d a t e d  13 J a n u a r y  1975 , in Supp lemen t  I - 1 , Appendix C.

One INS was  in s t a l l ed  in the Cessna  C i t a t i o n  r e sea rch  a i rc  ra f t

and the ot h e r  in the  N a v y  P-3A loca t ed  at  J a c k s o n v i l l e , F lo r ida .  Included

with both  L TN - 5 1  s y s t e m s  was a spec ia l  leased  p a l l e t  equi pped w i t h  dual

i n v e r t e r s  and desi gned  t o  adapt  the  INS i n s t a l l a t i o n  to a i rc  r~~ft  s u c h  as

the C i t a t i o n  a n d  P -3A . In  a c c o r d a nce w it h  t he  lea se  a g r e em e nt , L i t t o n

A er o  P r o d u c t s  supp lied e m e r g e n c y  b a t t e r i e s  desi gned to f i t  t h e  pa l le t

a s sem b l i e s  w h i c h e n s u r e d  c o n t i n ue d  INS o per a t i o n  in the  c-ve n t  of any

t emp or a r y  e l e c t r i c a l  po w e r  i n t cr r u p t i o n .

The leases  p r o v id ed f o r  i n s u r a n c e  a g a i n s t  a l l  r i s k s  of l o s s  or

damage f rom e v e r y  c a u s e  for  full  rep l a c e m e n t  value , as  well as p u b l i c

l i a b i l i t y i n clu d i n g  p e r s o n a l  i n j u r y  and p r o per t y damage .

Field s e r v i c e  suppor t  b y L i t ton  Aero  Pro d uc t s  was i n c l u d e i  in ~hc

e as e  and  on I M a y  l 97~~. the L T N —  51 i n e r t ia ]  n a v i g a t i o n  s y s t t i c . , i n Hu d i n g

the INU , CDL ; , MSU , b a t t er y ,  and pal le t  a s sem b l y, was removed fr o n t

t h c -  C i t a t i o n  a i r c r a f t  a t  Cab l e  A i r p o r t , Up la nd , C a l i f o r n i a .  The fo l lowing

clay .  2 M ay ,  i t  was d e l iv e r e d  to L i t ton  in  Wood land  Hills , C a l i f o r n i a .

The IN S aboard  t h c -  N a v y  P-3A a i r c r a f t  was  removed  b y Li t ton  field

sc - r H  c i -  p e r s o n n e l  on 4 and  5 A p r i l  1975 in  D c-r iv e r , Co lorado .

i3oth i n  - r t i a l  1. vi r a t i o n  s v s~t - I n s  we re  in good c o n d i t i o n  when  1 e - c  cived

at  i a n  s f a c t o r y  an d  l e t t e r s  to t h i s  e f f ec t  a r e  inc luded  in  the Bim on th l y

R c p u r ~ d a t e d  15 J u n e  1975 , Supp l e m e n t  No. 1-4 , A ppend ix  B.

10
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A n MRI program manager administered the p rov i s ions  of the lease

a g r e e m e n t s ,  reviewed all invoices , and resolved an y confl ic t i ng i tems.
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o . INS NAVIGATION SYSTEM FOI- Z 11 i .A R U A N D  FLAME P R O G R A M S

For  th e - H E A R T  a c - i d  FLAME p r o g r a m s , ~.t lU  d c - v - l oped  spec ia l

Ihe r ek ~- ;c rc ’ an d  s o f t w a r e  fo r  use  wi th  t h e  L i t t on  I T N — 5 1  n a v i g a t i o n  sy st  c i i .

- c nt  ra ct ~ - s a c t  u p  w i th  I ~i t t o i i  A c - r n  P rocl uc t s  to w r i t e  sp i cia I s o f t w a r e

wh i c h  ~ oulcl a l low t h e  N I RI  C i t a t i o n  an d  P— 3A ai Ve r a f t s  to ‘ s i n  i-i n —fol low ’ -

~~hi  1~ m a k i n g  I ii~~i r pos t  r e e n t  r y  n a  t~i sa l np il nc~ r u n s .  When th e  - c - n t  ry

~-~ - h i r ] , - r e a c he d  the J Ij i  cc p o i n t , ti l l m i s s i o n  s t a r t  swi tch  was  a c t i v a t e d

a Id t } i t -  sof twa r~- p r o p a g a t e d  the c o o r d i n a t e  sy s t em as the  i ’ e en t r y  tra-

j e t c i  cv p en e t r a t e ( l  t l ~~- s t o r i i i . A comple t e  d e s c r i p t i o n  of the  p r e - ~ rani

n 1 c c I ~t s  o p e r a t i o n  i s  i n c l u d ed in B i mo n t h l y R ep o r t  MM 75R — l  ~2 7 d a t - -d

15  A pr i l  1975,  in  Supp lemen t  No . 1-3 .

M R I  also d e v e l o p e d  a disp l a y  s y s t em which a c c e p t s  th e  L E N - S i

t r a c k  ang le e r r o r  ( r icE) t h r e e - w i r e  s y n c h r o  s i g n a l  and c o n d i t i on s  i t  to

d r i v e  a c o n t r o l  t r a n s f or m e r  d isp lay .  The  e l e c t ron i c s  and  con t ro l

t r a n s f o r m e r  c o m p r i s e s  an  o f f — t h e — s h e l f  un i t  which has been mec h a n i c a l l y

i n od if i ed  to  allow a n  u n a m b i guous st e e r i n g  command  to be disp l a y e - d

i ll  t h e  cock pi t .

W i t h  the  sp e cial  L T N- 5 1  s o f t w a r e , the t r a ck  e r r o r  disp lay ri -ed

onl y t i e -  - e p t at iero  b y a i r c r a f t  s te e r i n g  to b r i ng  til e a i r c r a f t  to H e

~c -s i r e - I  s a u i i t p l i ng  p o i n t s .  These  s y st e m s  w e r e  ins ta l led  in the  M R I

i t a l i a n  and N a v y  P — 3 A  ir c r a f t s .

A s pe c i a l  e l ec t r o n i c  i n t e r f a c e  was  de s i gn e e  an d  f a b r i c a t e d  b y H R I

e l  i n t e r r o g a t e s  the LTN- 51 ser i a l  data  bus  ar i d c o n v e r t s  i t  to a

p~- i-~~11el BCD f o r m a t  compat ib le - w i th  t h i e  B u f fe r  M e m o ry  Sys tems.  l’lie

n a i l  w~ a in s t a l l e d  on th c -  MBI C i t a t i o n  and P — 3 A  a i r c  r a f t s .
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7. INSTALLA TI ON OF SAl HOLOG RAPHIC CAMERA

On 24 Ju n e 1974 , the MRI C i t a t i o n  was  i s s u e d  approval  b y t he

Federa l A v i a t i o n  D i s t r i c t  Off ice  at Tcterboro , New Jersey, for the

installation of t he  SAl Holog raphic camera . This installation included

an i e i s t r u n i en t  ta ble i n s i d e  t h e  a i r c r a f t  f o r  the cooler , the  power suppl y,

and  t h e  c o n t r o l  e l e ct r o n i c s .  Th~ - rub y l a se r  and 70 mm fi lm mag~i~i ine

wer e  b r acke t ed  off the  i n ter i o r  ai r c r a f t  s t r u c t u r e  and a special

a lu i cunu in  p l a t e  window w a s  f a b r i cat e d  to accept  the t r a n s mu t ing  and

r e c e iving p robes .

A comp lete  set  of FAA documen t s  for t h i s  i n s t a l l a t ion  as  we l l  as

the  eng i n e e r i n g  d o c u m e n t a t i o n  and drawing s is p r e s e n t e d  in M RI

Bimonth l y Report  M R I  7 5 R — 1 3 2 7 , a copy of which is included in

Supplement No . 1-3.

I,
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1. INTRODUCTIO N

This document repo rts on the progress  made under  Contrac t

DNA OO1 -75-C-0040 .  The repo rt covers  the period from 1 October 1974

throug h 30 November 1974.

MRI is supporting DNA and AFCRL ir HEART , SAMS and F L A M E

hy dronieteor  samp lin g program s at Wallops Island , Virg in ia .  Par t  e)f

this support is an MRI instrumented and operated Cessna Citati- en s amp ling

aircraft leased for the five month test period 16 Novembe r 1974 th roug h

15 April 1975. The instrumentation include s axi INS leased f rom Litto n Aero

Products and modified specifically for HEART sampling miss ions .

This report discusses the progress  of the Citation lease , the INS

lease , Citation flig ht time and flight crew transpo ration , acconiodat ions

and coo rdination activities.

2. PROGRESS IN PRINCIPAL TASK AREAS

2.1 Lease Citation N5I1 CC

2. 1. 1 Lease Agreement

A lease was negotiated with Al pine Ai rc ra f t  Char te rs , Inc.,

Denver , Co lorado , guaranteeing exclusive use of Cessna Citation N5 I1CC

beg inning on 16 Novem be r 1974 and terminating on 15 Apr i l  1975. An

option to extend the lease was included to allow for  the poss ib le  extension

of test operations beyond the present ly scheduled term ina t ion da te of

31 March 1975.

A copy of the lease agreement is included in Appendix A.

2 . 1 .2  Maintenance and Repair of A i r cr a f t  Systems

The lease agreement specifies that Alpine Ai rc ra f t  Char ters , Inc.

will maintain the aircraf t , aviOniCs , engines , and subsystems and per fo rm all

1—1.3
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rou t ine  i i - a i n t en a n c e -  i n s pe c t i o n s .  M ; i i n t e n a n c e  w o r k  (lone- Ufl the a i r c r a lt

wi l l  be Sc i t ’du led  -~o as  n u t  t o  l i t  p ac t  t e s t  o p c r t t i un s .

2. 1. Cop i l o t / C rew  Chief  Suppo rt

In a .  c t  r d a n u e  wi th  th~- ie -~ t se t i g  r e e nie n t , Al p ine  A i r e  r a f t  Cha r te rs ,

Inc.  wi l l  p re~ v ide  a f u ll — t i n o -  cop i l o t / c  r e -w ch ie f  to s up p o r t  a 11 ope r e  t i o n  ~

do r i n g  the  c -a — c - i t t -  n od.

2 . 1. 4 In su r a n c e  Cove rage

I n s u r a n ce  cove rage  is to be p rov ided  by Al pine A i r c r - i f t  C h a r t e r s ,

Inc. and the cos t  inc luded  in the lease  pr ice  of the a i r c r a f t .  ih e  i n s u r a n c e

cove rage  wil l  he in the  fol lowing am o u n t s .

a. A i r c r a f t  Hull I n s u ra n c e  - ful l  c o v e r a g e

b. Bodil y I n j u r y ,  othe r than p a s s e n g e r  l i a b i l i t y  - $250 , 000

c. P r o p e r t y  Damage - $500 , 000 per  a c c id e n t

d. P a s s e n g e r  Liabi l i ty  - $ 100 , 000 per  p a s s e n g e r

The c e r t i f i c a t e  of i n s u ra n c e  is inc luded  in A p p e n d i x  B.

2 . 1. 5 A i r c ra i i .  Fl y ing Time

The l e a s t  p r o v i d e s  fo r  u n l i m i t e d  u s a g e  of the a i r c r a f t  do r~ r~~

t Fie  p er i o d  of the a g r e e m e n t .

2.  2 Secure  A p p r o v al  of Lease

Lease n o g o t iat i o ns  fo r  s e c u r i ng  both the- a i r c r a f t  and cop i lo t /

c re-a c h i e f  began  Octe he r  1 , 1974 and w e r e  conc luded  b e f o r e  16 Novernbe r 1974.

~ i r c e  t h i s  p r e dat e d  the  co n t r a c t  award , no fo rmal  approva l of the lease  by DNA

w a —  p :s  . i l .  H o w e v e r , all  cond i t i ons  w e r e  in a cc o r d a n c e  with p r e - co n t r a c t

cI~~ - e  t i s s - i t~~.

2. ~ c oordi nat ion of I-’ield Opera t i ons

I cc ~ 1R1 p r o g r a m  n t a n a g ( -  r is ina in t a in in ~ close con tac t  wi th  l ) N A  —

ari d ) t O  I. g a v e r r i n  ent  ag en c i e s  to a s s u r e  f u l l  c o — o r d i n a t i o n  of a l l  d i r c r a f t

o e - e - t ! -  i t S .
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2 . 4  Administe r Citati on Lease

The MRI program manag er is mainta ’.ning close contact with

Al pine Aircraf t  Charters , Inc. to assure  all lease  p rovis ions  are being

accomp lished and all necessa ry  maintenance is perfo rmed on the airc raft.

Invoices are examined and flig ht time cha r ges  are ver i f ied with any

conflicting items being resolved.

2 . 5  Lease Litton L T N - 5 1  Inertial Navigation System

2. 5. 1 Lease Agreement

The lease agreement negotiated with Litton Aero  Products

provides fu l l - t ime  use of a Littion LTN-5l  iner t ia l  navi gation system for

the entire length of the contract period. A semi-annual  (6 month) ,  lease

was negotiated due to the cost savings compared to a f ive month period on

a monthl y cost basis .

2. 5. 2 Pallet Assembly

A special pallet assembly equipped with dual inverters and

designed to adopt the Litton LTN-51 installation to aircraft such as the

Citation , is included in the lease and has been installed in the C i t - t i - a n .

2. 5 . 3 Emerg ency Batte ry

in accordance with the lease agreement Litton Aero Products has

supp lied an emergency battery designed to f i t  the pallet  a s s e n-b l y which

assures  continued INS operation in the event of any t empora ry  electr ical

powe r interruption.

2.5.4 Insurance

The lease provides for insurance against all r i sks  or loss or

damage from eve ry cause for full rep lacement value as well as public

l iability including personal  injury and proper ty  damage.

I
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1
• 5. 5 Installation and R em o v a l

In a c c o r d a n c e  ~~~~~ the  lease , i_ it t on Aero  P roduc t s  is p r ov id ing

f i e k d  ser v i c e  supp or t  for  t h e  comp lete ins ta l la t ion , checkout and remova l

of the  INS from the Cessna Citation Aircraft.

2. o Administe r INS Lease

An M R I p rogram manager  is adminis t ra t ing  the prov is ion s  of the

lease  agree ment , reviewing all invoices and resolving any confl ict ing items.

2.  7 Flight Crew Trans p ortation and Accommodations

Accommadations have been secured in the vacini ty  of Wallops

Island for the Citation captain , cop i lo t /c rew chief , and instrum ent

operator.

3. SUMMARY OF CITATION FLIGHTS

1 Novembe r 9. 0 Ferry aircraft from Cessna
maintenace facility in Des
Moines to Los An g e l es

4 Novembe r 0. 4 Fli ght check

Total time 9. 4 Hours

— 4. ACTIVITIES  DURING THE N EXT REPORTING PERIO D

During the pe r iod f rom 16 November 1974 through 15 January  1975

the I~ -S will be f l i ght t es ted  and the a i r c r a f t  f e r r i ed  to Wallops Flight

C e n t e r .  The c rew will  a r r i v e  on January 6 , 1) 7 5  and be avai lable  at the

r e q ues t  of the p r o g r a m  d i rec to r for  support fl i gh t s .

p
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A I I tCR A FT  LEASE

This a g r e e m e nt  m a d e  th i s  15th day  of O c to b e r  1974 by and be tween  Al p in e

A i r c r a f t  C i c a t - t e  r s ,  inc .  6Z0 0 P l t e t c au D r i v c ,  J - i i 1 ’ l ’ - ~cood ,  C o l o r a d o,  801 10

h e r e i n a f t e r  r e f e r  r - d  to as  “ Lc’s so i- - and Metco r o lo gy  R e s e a r c h , inc.  here-

i n a f t e r  i t - f u r r e d  t O ~~S ~ Les see ,~~ is  made with r e f e  1- ence to the  fol lowing

facts , c i r c un i  n t a I , (  e s , and c o nd i t i on s :

A. A lpine A i r c r a f t  C h a r t e rs ,  Inc. h an  a v a i l a b l e  f o r  l e as e  Ce s sn a  C i t at ~- .- n ,

Reg i s t r a t i o n  ~~o \ 5 l  I C C  equ ipped  as d e s c r i b e d  in J- xh ib i t  A , a t t ached

here to , and  as  so c-qui pped b c- lug h e r e i n a f t e r  r e f e r r e d  to as “the  a i r c r a f t .

Dur ing  the t e rm of th i s  lease the a i r c r a f t  will be op e ra ted in R e s t r i c t e d

Category  due to m o d i f i c a t i o n s  for  cloud pa r t i c l e  samp l i n g .  All  mod i f i  at i on s

for  Lessee ’ s equi pment will be made at Lessee ’ s expense .

B. Lessee de s i r e s  to lease the a i rc ra f t  for  use  in c i r r u s  cloud cha rac te r i -

zation studies , a nd  the Lessor  is will ing to lease  the a i r c r a f t  to the Lessee

upon the t e rms  and cond i t ions  h e r e i n a f t e r  set f o r t h :

1. The Lesso r dues  h e r e b y lease the a i r c i a ft  to tha Lessee  fo r  a

period of f ive (5 ) m o n t h s,  commencing  on the day of delive ry of the a i r c r a f t

at Stap leto n  i n to  r n a t i o n a l  A i rn o  i t ,  D e n v e r ,  C o l o r a d o  or  at i ts  then  c u r r e n t

location, at the option of the Lessee, on 16 N o v em b e r  1974 and t e r m i n a t i ng  on

15 A p r i l  1975 with opt ion to ex tend  with r e a s o n a b l e  no t i ce  to L e s s o r .  The

h o u r l y ra te  a nd  t e r m s  f o r  t h i s  ex t ens ion  w i l l  be n e g o t i a t e d  7r i or  to 1 j r i ’ 7 .~~

Lease  of the a i r c r a f t  to be co m p u t e d  at $ 1 5 0 0 0 .  t i e r  t c on t h  p lus ~~~~~~~~ ~c~-

fl y ing h o u r .  T h i s  r a t e  c o v e r s  One  c r e w  m em b e r  (c c ’-p i l o t / r n a i n t e n an r e  o f l i c e i - )

Lessor ’ s cost  f o r  f u e l ,  m a i n t e n a n c e  and i n s u r a n c e .  T u e  r a t e  w i t h o u t  f u e l  w i l l

be $350. 00 per  h o u r .  R e a s o n a b l e  and p r o p e r  t r ave l  CX ~~ Cfl SC S  of the Co-P i lo t!

M a i n t e n a n c e  O f f i c e r  will  be pa id  by Lessee  whi le  he is e n g a g e d  in f l i g ht a c t i v -

ities fo r  Lessee  more  than 100 mi les  f r o m  D e n v e r , Colorado . P ay m e n t  fo r

mea l s  and lod g ing w i l l  not exceed $25 per  day.

2. Lease p a y m e n t s  wi l l  be due in the a m o u n t  of $ 15, 000. on tile f i r s t

day of the month  c ov e r e d  by the p a y m e n t .  The n u m b e r  of fl y in g ho u r s  f l own

in each c a l e nd a r  m o n t h  will be d e t e r m i n e d  by the  Les see .  P a y m e n t  f o r  thc ’se

fl y ing h o u r s  wil l  bc due f r o m  the Les see  30 d a y s  a f t e r  r e c e i p t  of in v o i c e .

3. The a i r c r a f t  will be d e l i v e re d  by the L e s s o r  and a cc e p t e d  by

the T ,, ’qqn4 ’ on c~~ abou t 1 (~ Nnv~ rnh ,-.r 1 Q74 .
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‘ihe Lessee  s ha l l  be p e r m i t t e d  3 i n sp e c t  the a i r c r a f t  p r io r to a c c e p t a n ce

to note  any d e f i c i e n c i e s  of c o xe ht i o n  or equ ipmen t .  P r io r  to a c c ep t a n c e ,

the  Lesso r  s h a ll  c o r r e c t  or ma~~e m u t ua l l y a c c e p tab l e  a r r a n g e m e n t s

c - o a e e r n i n g  any d e f i c i e n c i e s  so n o ted .

4. The a i r c r a f t  will be r e t u r n e d  to the L e s s o r  by the Lessee  at

L ess e e ’ s own e x p e nse  to ~~~j~l e t u n  I nt e rn a t io n al  A i r p o r t ,  D en v e r ,  C o) or : d

upon t er m in a l in - i f  t h i s  lease i i  t h e  sam e cond i t ion  as r e c e i v e d , r e a s o n a b le -

w e a r  and t e a r  e x c e p t e d .

5. The Lessee , a f t e r  c~e 1ivery of said a i r c r a f t  to him and a c c e p t a n c e

by him , shall have exclus ive  use  the reof  and said Lessee  ag r e e s  tha t  he

has inspected said a i r c r a f t  will all equi pment the reon  as l is ted in Exhibi t

A attached here to , and the a i r c r a f t  is suitable for  the p u rp o s e  fo r  which  it

is  intended. Af te r  the delivery of said a i r c r a f t  and L e s s e& s  a c ce p t a n c e

thereof , the Lessee  shall be respons ib le  to the L e s s o r  that said a i r c r a f t  is

Ke pt ~ii l ir s i  class  airwu~~Liiy ~oi ii- ii , and said  Le-s s~~c ; c i t a h ~~: and

a g r e e s  that said a i r c r a f t  will not be flown at any t ime u n l e s s  it is a i r w o r t hy

and in f i r s t  c lass  condi t ion .

6. The Le s so r , dur ing the term of this lease , shall have the ri ght

to mak e inspections of the aircraft  for the pu r pose of determining the

n u m b e r  of hours  the a i r c r a f t  has  been qc-wn d u r i n g  any g iven c a l e n d a r  m o n th ,

or  fo r  the  pu rpose  of d e t e r m i n i ng  whea the r  or  not  the  Lessee  is c o m I J i \ - i n i :
-, with the covenants made by the Lessee  h e r e i n .  Such i n s p e c t i o n s  of tile

a i r c r a f t  by the Lessor  shall be at the Lessor ’ s Own ex p ’--n s c .  H o u r s  of u se

. of the ai rcraf t  for th e purpose of this lease shall be logged by the  r e c o r d i n g
- Hobbs M e t e r .

7. Dur ing  the term of this lease , the Lessee  shall  pay the  fo 1lowin ~
operating and maintenance expenses:  NONE

The Lessor shall pay all other maintenance C X p C n ~~ C S  and r ep a i r s , i n c l u d i n g

50-and 100-hour inspect ions , which shall be pe r fo rmed  or contracted by

is
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Lesso r at Patr ick H e n r y  Aipor t , N -wp or t  News , Vi rg inia , o r  at a Fixed

Base so as not to impact  Lessee ’ s o p e r a t i o n a l  m i s s i o n s .

Those r epa i r s  or  r e p lacements  r e q u i r e d  for  n o r m a l  opera t ion  of the

air c r a f t  shall be fi r -;t approved by the Lessor or his agent  if the cost of

repair  or rep lacemen t exceed s  $500.  00.

8. D u r i n g  t h e  t - r m  of the Lease , the L ess o r  shal l  be liable for

any loss  or  dai n ag i - to t h e ai r craf t , or  the death  or i n j u r y  pe ~ s as and/or

dan see to any p roper ty  caused by the opera t ion  of the  a i r c r a f t .  Lessor

shi t i ’. obtain i n s u r a n c e  as follows:

a. A i r c r a f t  Hull Insurance - Cert i f ica ted  ind ica t ing  coverage

by Lessor.

b. Bodily injury other than passenger  liability - $2 50 , 000

per person; $500 , 00 per accident.  -

c. Property damage - $500 , 00 per accident.

ci. Passenger liability - $100, 000 per passenger with an

aggregate equal to the total nuinbe i o~ seats o r p as senge Is , which~ vcr Ia

grea te r .

9. The Lessee may not assign this lease or any ri ghts  thereunder

withour prio r written consent of Lessor.

10. In addition to the forgoing covenant s made by anci  ag reed  to be

kept by the Lesse , the Lessee does hereby covenant and agree :

a. To keep safel y and use c a r e f u l l y the  a i r c r a f t  a n d  not to

sell or attempt to sell or ass ign or dispose of the a i rcraf t or any interest

there in, or par t  thereof , or equipment n e c e s s a r y  thereto , or incur any

mechanic  or other lien in connection with r epa i r  or main tenance  or s torage

• of the a i r c r a f t , or rent the same , without  the prio r wr i t t en  consent  of the -

Lessor .

b. During the term of thi s lease and unt i l  the redeliverb  °‘~~

the aircraft to the Lessor, to abide by and conform to and cause others to

abide b y and conform to all laws , ord inances , o rde r s , rules , and regula t ions ,

national , st ate , m un i c i pal or otherwise, now exis t ing or he r ea f t e r  enancted ,
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controlling or in any way affect ing the opera t ions , use or occu pancy of the

a i r c r a f t  or the use of any a iport  p r t -u l i s e s  by the  a i r c r a f t .

c. Not to permit  the a i rc ra f t  to be operated at any time by

a person without a pilo t’ s licen se o r  by a person with less qualif icat ions

th an those r equ i r ed  by app licable insurance  policies covering this  a i rc ra f t .

11. Thi s lease shall t e rminate  should the Lessee or Lesso r be in

default of any of the provisions of the lease , and should said Lessee  or

Lesso r fail to remed y such default within thirty (30)  days  a f t e r  receipt of

notice f rom the other  party to remedy such default.  This terxniriatio rz of

the lease by reason of default on the part of eithe r par ty  shal] be in addition

to any othe r remedies legally available to the pa rtie s in question.

12. Any consent or notice required or permitted to be g iven by this

lease shall , in the case of consent or notice by Lesso r , be signed by an

appropriate officer of Le sso r ’ s agent and sent by mail to Lessee at

Meteorology Research,  Inc., 464 West Woodbury Road, Altadena,  Califo rnia

91001, or to such other address as the Lessee may from time to time

designate in writing to Le sso r for the purpo se, and in the case of consent

or notice by Lessee shall be sent by mail to Alpine Aircraf t  Char ters,  Inc.,

Box 7191, Denver, Colorado 80207 or to such other address  as the Lessor

may from time to time designate in writing to the Lessee for the purpose.

IN WITNESS WHEREOF , the parties hereto have hereunto set the i r

hands and seals the day and year f i r s t  above written.

Al pine A i r c r a f t  Charters , Inc.
6200 Plate au Drive
Eng lewood , Colo rado 80110

• By 
_ _ _ _ _ _ _ _ _ _ _

J .J.  Hernandez , Exec. V.P.
METEORO LOGY RESEARCH , INC.

- • By___________________

R. D. Wigg ins
Vice Pres.  Adm. & Finance

A 1 — l . 5
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AIRCRAF T EQUIPMENT

1. All equi pment  provide d as ~‘ st andard”  in the Cessna  Citat ion Ser ies

500 when d el i v e r e d  f ro m  the f a c t or y  is to be inc luded  a~ ci in o p e r a t i n g

cc) nd i lio n

a. The ins t rumenta t ion  and avionics  wil l  be sufficient to permit

operation to CAT LI. i n s t r u m e n t  limits.

3. The cabin interio r will be in the passenger  conf igurat ion except

only the two left r e a r  passenger  seats will be installed.

~



APPENDIX B
CERITIFICATE OF I N SU R A N C E
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CERTIFICATE ( F iNSUR ANC E

Jul y 11 , 19 ~~ -~‘

THiS iS TO CERTIFY t hat the insured set f o r t  -clo y is at tliio date insured w ith the Company ( ies ’
as indicated under Pol icy( ies ) described ,n the f o l  - - n ,~ sc hedule

DESCR1PTIV L SCHEDULE

insur ed  Alpine Aircraft ‘ na r t e r s , Inc . ,  et al
Address ot Ins ured:  6200 PLateau Dr e , En g iev ~ood , Colorado 80 110
Locat ion s Covered: W e st e r n  l-I emispsore  — exc lud i sn ~ N o r t h  Slope ~
A irc r a f t :  N 511 CC 

________ - -
~
-—— -- - —---_T__---_— - - -S - - --S_1—— ___ ___ 

-T --—- -—--S— --S

-  

Company Poli. - - No. 
- 

Exp~~~ Ion D.,~~~~~ L~m~ti of O.bil ry 
-

a~~,~c r ci n bit y - 
—

I -~~~~r 
Argonaut H—4— 1244 4/ 18/75  ~ ~~~~ , , t -  j

Pre p~ rty ~~~~~~ Insurance Ea- h Occ o— ct-  S

Po.s.n9e, Company ~~ 
er s~~

S r,g Ie t m r  net. Poste-nge’ Each Oc~~~~e r c e  5~O , ( ) O u i .
Each Occonence S

A i rport liab’ I t > ~ ~~ch P~ ,’t~ n $
Bol I~ r~ - r y  Each Occ ur re nce

Property Lan-,oge Eac ~s A — dent $
~~~~~~~~~~~~~~~ 

_ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _

0 Hull-Ground ~~~~ 
Argonaut Amount of I~~-o~C~- - n

~~ Hu lt Grooncl&Fl ght insurance Co. H—4..1244 - 4/ 18/ 75  $680 , 000~D O I ~
Wo,ltmen ’t Statutory - -

Compe ntation

This ce’rtificate is issued at the request of - - M eteorolo gy Re search  -

- - 464 We st  ~“ c o d b u r y  R u ~~c~
v.-hose addr ets ,~ - - - Altaclena , Ca~ 11Qr r~~~

- - 30
Whom we ag-ee,,~~~~ó&to nor,fy ~~~i days bej n e J -  - I ( - e -a - p o - ~ s l - - -u lu -~ ~~~ .t -

Compan y ( , esl ~haui not be liab le it , ~sny ,s-ay fut- failure to gir-e S o  i: Sk ’

This cert i f i cate of i t ,snrat ice ,,euhes- a~~rn-, at it-e l y :~r nc ga s:tel y a r r -cS-  - i~~~ v i

- ‘ _ _
~~~~1i~4mJ244~~~~~~~~is~ Ied hY __Arganaut  Lj :u~-~ -

- ~~, ~cc’

ADDI TI O.~ AL ACREE\~L \:  ~*Ir~c1udes $50 , 000. Cargo Legal Liability and $5 , 000 . / $40 , 000 . Bagga --
• Liability .

~~Meteorotogy Research is added as an ;~‘ Southern \~ oi -re - v~~~on Unctt~.— -~~~

additional insured under the above poticy~~ Southe rn ~t - e & ‘t on , In c

~‘*t *Includeg one round t r i p to lcwaja lein A-  o~. i - A~iai , on \~ j r i j  :0,5

via Alaska and the Aleut ian Islands wi th
a b-nospher i c  r e s e a r ch ic-i the Wake Islands - ‘

__ __
‘
\ ~

-t r - ea of the Pacif ic  -~ ith  the cont rac t  to - ‘ -- - - - -

Aur or~~nd ~‘rpre3eurart .e
-. - cad cc or ~vb o s t  Nove m ber I i , 1974.

- ~~~~~~~~~~~~~ 
— —_ ~~~~~~~~~~~~~~~~ 

— - - -
~~~~~~~~~~

_--S=-
-
= ~~=-
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E Q U I I 5 I E ’ .I’ i u z ~~i-: ACl ::E[~r~1ENT

LEASE datc:d as of t h ”  19th d-u ’  of OctObe r , 1973
by and b~~t~~ u - ~ Aero Prod ucts D~~”~~~j c~ of Litton Systems , Inc.,
8 COr I) c r 3 t 1 C t~ ( ) i ( ] : l n i ; c: 1 under  the l c - .~z of the Sta te  of Delaware
(here inaft~

— c -a i l ed  “J - -~ sor ’) l -’i r- q a pl5scc of business at
21050 L u r b ~ n) : Bou1evarc~, Woodland ULlis , California 91364 arid

Meteroloqy  Rese treli Jric. 
_________  

(hereinafter
called “Lc- v - r ’ ) ,  havi ng a place of husiri-:ss at 464 West

Woodbury Road , Altadena , Ca1if~ rti~ a 91001

(S t r ee t  Address , C i ty  anu S t a t e)

W I T N F  S S E T H :

For and in consideration of the mutual covenants and promises
hereinafter set forth , the parties hereto agree as follows:

1. LEASE: Lessor hereby leases to Lessee and Lessee leases
f rom Lessor the equipment  described in the Equipment Schedule
attached here to  and made a part hereof , subject to the terms and
conditions s ct  forth in said Schedule or Schedules and also set
fo r th  here in .

2. TERM : The term of this Lease with respect to any i tem of
leased E q i ~~r :- -~ n t  sha l l  be as set for th  in the Equ ipment Schedule
or Schedules~

3. EQUIPMENT AND RENT: The Equipment leased hereunder , the
rent payable , the time , place and manner of payment , shall be a~cspecified i:-i the Equipment Schedule or Schedules attached hereto
and made a part hereof.

4. DELIVERY OF EQUiP :-~ENT : The Equipment is to be shipped to
Lessee at the place and time specified in the attached Equ i pment
Schedule or Schedules .

5. INSPECTION BY LESSEE: Lessor shall not be liable fo r  loss
or damage occ asioned by any cause , circumstance or event of w1i~i tn ~~-
ever nature , including but not limit ed to failure of or delay in
delivery, delivery to the wrong place , de l i ve ry  of im proper Equ~ jT-
mont or property other thar  qu~~n:~i c - n t , d am age to Equ~pment , cee~ r -

mental regulations , strike , embargo or any other cnu:e , circumstan~-
or event , whe ther  of like or un l i ke  n a t ur -c. Lessee shall inspect
Equipment w i t hin  f c-r t y —c - i ght  (48)  hours a f t e r  its arrival at the
address set f o r t h  in Equip~nent  Schedule. Unless within said forty-

• eight  (43 ) hours  Lessee gives w r i t t e n  notice to Less-D r , specifying
any defect in or other proper objection to Equipment , Lessee agrees
t h a t  it shall be coriclusivcly presumed , as between Lessor and Lersee ,

( 5 / ° ’ 7 1  
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tha t  I~~~SSv ’U h~ s f u l l y  inspected  E qu i ~ me ri t , h U t  E q uip m e n t  is in
f u l l  c:-inr 1 ~~ nc ’ - ~ i tl i  the  terms o~ thiS Le~i :~e ~mn- ~ in  good cond i t i on
antI ret tir , ~tn- J that Ic ;see is s it is  j e d  W I  t :h a~ 3 has accepted
E q u i p m en t

6. USE fiN D MA IN’ 5 -~~ANCE ; ALTERAIIONS AhD ADDiTiONS : Lessee

~~i t l l  use Equi prrent solely in t li- ~ s duc t of its Ljsiness , and in

~~. c ,rc~~iil s:~- 1 p r  ~- t ; - r r:. s -— r .e r , ~sd snd~.l not part w tli possession of
or e l lt t r  i n t — ~ a n y  sul — l - 2 a s e  ~~j 4  h s~ ect to EquirJn-25t or any part
t u i t - r e of  or assi 1r: this Lease os it :- interest hereunder without tb-
~riOr \-/ i~~~t t e n  cc-w:ent of Lessor . see sh l l . not, make any m - a t e r~~al
a l t t - t t i o r i s L~o Eq n em ~~i thout  t z e  pr ioc  ‘.- ‘ri tt~ n consent of ~ es: or -

~~- i i u - s o t l l er - \ l e c  aqr e~~- i  L5  In .- -i i t  l i - i  1 ; t~~i -  p a rt i e s  here to , Le:- : s - s :
at  t -~~~-- -in x~~-~u s u  , w 11 i n s t a l l  the l e-I s ed  E qui~~mcn t  in the p.1 - , c e
c- i: p 1 ~ces s t i p u lat e d  h~ ruin and ~rli also [sy d :rectl-j the cb
fjy the packing, crating, freight, expense c r cartayc for each  unit
of E qu i pm ~ nt  leased hereunder and w i l l  rei d ur~- c ~ the Lessor for th-
with on writt-~n ~ ot ice , if the Lessor is char~ ed for the same and
does pay the same .

7. LIABiLITY OF LESSOR Lessor shall not be liable for any
cox sequ-.:ntici l , incidentil , or special dsn j c -  of  m y  k i n d  (incluciii: ~
t b~-i C i r s , but not by way of limitation , dc~n.~qes for art y loss o~ or
use of profit by Lessee or other , or for any 5 he r  simi la r or
diss  1 1 1 1 cr  col l a t e r a l  or consequen t i a l  dan  ~ r~~u s  ) , ‘.-hich may ri-selL
f rom or in connec t ion  w i t ’ti  the m a n u f ~~c~~-~io , v i e l i v ~~r y ,  in s t a l i - i t ~~oe ,
ch€sl ~~ut or use of the items leased hei esa d-:- r , or t rom or in
connection with the services rendered by Lesscr hereun-ler .

8. INDE~~~ITY : Lessee sha l l  ~n d e m r i i f y  Lc -ssor  a g a i n s t  and  ho~ I
Lessor harmles5 from any and all claims , actIons , suits , prou v :11—
in gs, costs , expenses , damages and liabiliti es , including -itt~~r:ie s ’
f ees , claime d by any person , orcJ~in~~sit ion , assoc . 1tion or otllcr.-.e sc ,
aris~ eg out of , connected w i t h ,  or r e s e ] t i s q  r r .n the  E q u i p - s - nt ,
m c i  nfl rig w i th  ut  l i m it a t i o n ,  the d es i g n , :~e nut ~~c t u r e , s e l e c t  i o n ,
- d e i] v e r y ,  possess ion , use , o p e ra t v - : i  md c r  return of the Ev 3 :f l pr e - l t .

*9 . INSURJ\~CE: Lessee s h a l l  keep  E:1tii; s. nt in sure I ag i l f l S t  ~~il
r is~e.~ or loss or damage f rom eve ry  cmse ‘~.h e L - 5 . cur  t s r  not less the .
the fe l l  r e p la c €- i-sent va lue  (new) thereof irni ~hall carry j~eL1 ic
l i a b i l i t y  i n s u r a n c e , both personal  i n j u r y  an~1 p r o p e r t y  dama p

• covering Equipment. All said insurance shall be in form and amount
and with companies satisfactory to Lessor . ~.ll insurance for lcss
or damage shall provide that losses , if un~~, -h a l l  be payable  to

*~J~~j~ c l -a -me deus  not s-~:ly. Insurance rt leased equi pment wil
be born by Lessor . Cost of ins~:rance  is $500 per month and sh e-in
as -~ separa te  it em.
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Lessor , and all  such l iabi l i ty  in surance  shall be in the joint names
of Lessor anti lessee. Lessee ~fl -ill ooy th e prcniiumo therefor and
deliver to Lessor the policies of iiisursr:c-~ or duplicates thereof ,
o~ other evider .cu  s a t i s f a c t o r y  to L -ssor ct such insurance coverage .
In ca se of the failure of. Lessee to proc-ure- or m a i n t a i n  said insu r—
anice or to cc-mply w i t h  any other : prov1sio~ of this  Lease , Lessor
shall have the r igh t , but shall not be oh] igated , to e f f ec t  such
insurance or ccmpliance on behalf  of Lessee . In that event , all
moneys spent by and expenses of Lessor in e f f e c t i n g  such insurance
or compliance sh all be deemed to be a d d it io n a l  rent , and shall be
paid by LOSSi C to Lessor with the next monthly payment of rent.

10. COMPLIANCE WITH LAWS ; PII Y ~4ENT OF TAXES: Lessee shall keep
the Equipment  f ree  and clear of all levies , liens and encumbrances
and shal l pay all license fec- n , reg i s t rat i o n  fees , a ssessments,
charges , permit fees and taxes (municipal , state and f edera l)  which
may now or h er e a f t e r  he imposed upon the ownership , leasing , rent-
ing , possession , sale or use of the Equi pment , excluding however ,
all taxes on or measured by Lessor ’s incone. Lessee shall comply
with all laws and regulations relating to the ownership , possession ,
leasing , renting, operation , control , use , mainten ance , delive ry
and/or return of the Equi pment and shall save Lessor harmless aga inst
actual or asserted violations and pay all costs and expenses of every

. character in connection therewith or a r i s ing  therefrom. The prices
specified in the attachcd Equ ipment Schedule are quoted F.O.13 .
Woodland Hills , California, exclusive of all taxes and other levies
by governmental au thor i ty .  If Lessor is required to pay any such
taxes , fees , excises ar1d/or charges , Lessee shall promptly reimburse
Lessor upon receipt of Lessor ’s invoice thorefor.

1].. TITLE OF LESSOR: Title to Equipment shall at all times
remain in Lessor , and Lessee at its own cost and expense , shall
protect and defend the title of Lessor. Lessee shall at all times
keep Equipment free and clear from all levies, attachmen ts, liens,
encumbrances and charges or other judicial, process of every kind
whatsoever , shall give Lessor immediate written notice thereof arId
shall indemnify and save Lessor harmless from any loss or damages
caused the reby.

12. INSPECTION : If Equipment is removed from the a i rc raf t  in
which it is insta l led , Lessee shall  advise Lessor of its exact loca-
tion. Lessor shall have the right from time to time to enter upon
the Lessee ’s premises or elsewhere for the purpose of inspection.
If the Equipment is in the opinion of Lessor being used beyond its
capacity or in any manner improperly cared for or abused , Lessor ha s
the right to remove said Equipment forthwith.

13. DEFAULT REMPDIES: If (a) Lessee refuses to accept dcliv-
ery of the Equipment or reneges on his agreement to lease , or (b)
Lessee shall default in the payment of any rent or in making any
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other  p t \ - m r r i t  hereund ’~r when due , ~r ( c )  L ‘ss - c ~ shall  d e f a u l t  in
t h .  ~eiv~~ nt  ~-han due of any indebtedness  c - i  Lcs~~c-c- to Lessor
~~ i ~~ ~~ .i ad .  ~-e n d c U t ly  of this Leas , or ( d )  L~o see s hal l  def a u l t
in Ui~ per i ’ o’e t ar l ce  of any ot her cove n an t  L -r cj : ’i ~i rid such d - fau l t
shall COI~ t . I n c  for five ( 5 )  days  a f t e r  ~-; ri ~ Len notice  thereof to
Lc:ssce by r~c-~--so r , or ( e )  Lessee beccmes i - e o lv c nt ;  or m akes an
ass ignmen t  b r  the bene f i t  of creditors , ~~ ( t )  Lessee applies for
or censents to the appointment of a recei-~-c- r , t r us tee  or l iquidator
of 1 essee or of al L or a substan t ia l  pa r t  of fL :- a~~~et~ of Lessee ,
or if  such receive ’- , t rus tee  or liquida tc~ s . p ~,oirited wi thout the
appl icaLi~ ti  or consent  of L -ssee , or ( g )  a p-~- ti t i  on is f i l ed  by or
a g a in s t  I~~-ss ’-e  ut  de r the Bankruptcy Act or any am e-nc’tine r~t there to
( inc lu d im~~ , wi t  tiout l i m i t a t i o n, a p o t i ti o s  f o r  r e r q an i z -~t ior I ,
ar run ~j - --~~ nt  or c - :- :Len s ion )  or under  cny other iriSc)1\-crlc-y law or law
prOVJd: t s j  f e r  t b -  r e l i e f  of debtors , the n , if ansi to the extent
permitt~ ci by applicable law , Lc s sc- r  sh~-l 1 have tlic- r ight to exercise
any one or n -cr c  of the fol lowing remedies: ( A )  to declare the
entire amount: of unp aid  total rent  i.or the balance of the to-mm of
this Lease due and payable , whereupon the  same shall become imme—
diately  due and payable; (r3 ) without  demand or legal process , to
enter into promises where Equipment may be found and t ake possession
of and remove the same , whereupon all rights  of Lessee in Equipment
shall te rminate  absolutely,  and re ta in  Equipment and all prior
payments of ren t  made hereunder , it being agreed that the amounts
to be re ta ined  by Lessor under this sub-sect ion ( B )  shall not be as
a penalty but as l iquidated damages for the breach hereof arid as
reasonable return for  the use of Equipmene and for the depreciat ion
thereof ; (C)  to recover the balance of all amounts  due hereunder ;
(D)  to pursue any other remedy available to Lessor at law or in
equity. The remedies provided under (13 ) ar-.d ( C )  may be exercised
only in the a l ternat ive. This Lease is irrevocable for  the fu l l
term thereof as set for th  in the Equipment Schedule and for  the
aggregate rentals therein reserved and the rent shall not abate by
reason of termination of Lessee ’ s right of possession and /or the
taking of possession by the Lessor or for any other reason.

14. NO WAIVER: No fai lure on the part  of the Lessor to exer-
cisc-, and no delay in exercising any r ight  or remedy hereunder shall
operate as a waiver thereof ; nor shall any  single or par t ia l  c’> :er—
cisc by Lessor of any right or remedy hereunder preclude any other-
or f u r t h e r  exercise thereof .

15. POSSESSION AIflD USE : Lessor covenants to and with Lessee
that Lessor is the lawful  owner of Equipment, free from all l iens

• and encumbrances, and that, upon Lesseo ’ r payi ng the rents and
performing the promises , terms and conditions hereof , Lessee shall
peaceably and quietl~’ hold , possess and use Equipment during the
term of this Lease without hindrance.
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16. INTE1~EST AND EXPENSES: Should Lessee fail to pay duly
and promptly any part of the rent ho-rein reserved or any other sum
required to be paid by Lessee to Lessor hereunder , Les see shall
pay Lessor in te rest  on such delinquent payment at the rate of
1—1/2% or the highest l -qal ra te  of interest  permitted by law ,
whichever is lower , per month on the unpaid balance from the date
when such payment was due until paid and expenses of collection ,
includ ing reasonable attorney ’s fees.

17. NOTICES: All notices relating hereto shall be in writing
and shall be deemed prope rly delivered ~i1mer. duly mailed by first—
class m ail , postage prep:iid , or delivered by hand to t-he other
party , an its address as tollows, or to such oth -r address as
either p~ rty may by written notice desi jnatc to the other.

(a) As to Lessor: Litton Systenis , Inc.
Aero Products Divisiun
21050 Burbank 13oulevard
Woodland Hill s, Calif. 91364

Attention: Contracts Manager

(b) As to Lessee: Meteroloqy Research, Inc.

464 Wc~st Woodb ury  Road

A lt a d en a , Cal i f o r n i a  9100]

A t t n :  Rob Wi gg ins~ V. P.

18. NO WARRANTIES; ENTIRE AGREEMENT : Lessee agrees that
Lessor has made no representation or war r an ty  of any kind , nature
or description , express or implic- 1 , with respect to Equ ipment.
This Lease and the Schedule or Schedules attached hereto contain
the ent i re  agreement between the parties , and Lessor is not bound
by any representation or inducenent s  net specif ical ly  set for th
herein and in the Schedule or Schedules , and may not be changed ,
modified , terminated or discharged except in writing.

- 19. ASSICNI-IENT: This Leaso Agreement: may not be assigned by
either party without the written consent of the other party except
to a successor corporation by mnc-rger or consolidation of either
party, or to any corporation acquiring substantially all of the
property , assets and business or either party by sale , lease or
other disposition , or to any corporation controlling , controlled
by, or under common control with either party.

20. GOVERNING LAW: This agreement and the performance here—
under shall be governed by the laws 9f the State of California.

I
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21. JI OLE -IN G os:~R: ~n the event  of any holding over a f te r  the
expiration of this Lease Agreernc nt , the same shall be construed to
be a month-t5 -~~ s: t: h or pcn :1(xl-to-perica i basis at the same rental
as h- r - ~ ri c i : n s r  i Led an d subj ec t  to all the terms of th i s  Agreement ,
inc lud ing  the  r icTh t of Lessor to terminate the Lease at any time
d ur i n g  such ~ n o d  of holding ov- :r .

22.  RE DE LI VER Y : Upon surrender  or tern~i ns t  ion of this Lease
p s-ant as herc- i n pscvided , I-e see shaU return the Equipment  to

the l es sor  i n  quo-i  r~- j~air , con-sinion , an-i \?c~~h in ~ order , ordinary
wear and tear r e su l t i n g  fr cm  J)ro~ er use ti ruo f  alone excepted.

23. TITLES: The titles to the p r~ -~~aphs of this Lease are
sole] y for I he convenics- e of the p a r ti es  and ~hu11 in no ~-;av be
held to ex~~ a~ n , r o l i f y ,  amr)lIfy or aid in the i n ter pr c t a t~~on of
the provir~cuns  hervc—b

24. l EASE AGR i~~~~N P SC1~~ DULES: The following Schc—dules are
incorporates into and made a part of this Lease Agreement:

Schc-dule Title

I Equ ipment Schedule and
Delivery Schedule

II Lease p r i ces  as shown on
Pr oposal to DNA for  INS Lease

IN WI~ NESS WHF REOF , Lessor and Lessee have caused this  Lease to
be executed by tir ir duly authorized representat ives  as of the day
and ye~~r f ir s t  abcvc wr i t t en .

Lessor : Lessee:

LIT’IXN S ’f J - N~~ , i NC .
Aerc~~1~ ~J~v -s  v i s ion  M t ~~- : ~~~~- - ’ .- 1~ - s~~- ;t r c h ~ Isc. 

—

By _________________________ By ~~~~~~
R .  A. S i yde r/  A. P. H e i f er

Title Manager  of 4 ~t rac t s  Title P:~~sident

19 October 1973Date ________________________  
Date 2.~ OLtob er  1973

4!: ~::- i-~ :~:jz: ~-- -- - - - ---~ - - -Tri: T. ,~ . . 
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SUPPLEMENT 1-2

Research Aircraf t  Support for
HEART , SAMS, and FLAME at Wallops Island

16 Novembe r 1974 - 31 January 1975

by

Stefan Steinberg

Firs t  issued as Bimonthly Repor t  No. 2 , 15 February 1975
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1. INTRODUC TION

Thi s document report s  - n  the p r o g r e s s  ~nade unde r Contract

DNA OO 1-7 5-C- 00 4 0 .  The report covers the period from 16 November 1974

throug h 31 January 1974.

MR1 is suppor t ing  DNA and AFCRL in HEART , SAMS , and FLAME

h~ drometeor samp ling programs at Wallops Island , Virg inia. Part of

thi s support is an MR1 instrumented and operated Cessna Cita t ion  samp lin g

a i r c r a f t  leased for the f ive  month test period 16 Novembe r 1 )74 th roug h

15 April 1975. The instrumentat ion includes an INS leased f r ot o  Litton Aero

Products and modified specifically for HEART sampling mission s-.

Thi s report discusses the progress  of the Citation lease , the INS

lease , Citation fli ght time and fli ght crew transportat ion , accommodatio ns

and coordination activities.

2. PROGRESS IN PRINCIPAL TASK AREAS

2 .1 Lease Citation N5 11CC

2. 1. 1 Lease Agreement

A lease was negotiated with Alpine Ai r cr aft C h a r t e r s , Inc.,

Denver , Colorado , gu aranteeing exclusive use of Cessna Citat ion ;-h~ - CC

beg inning on 16 November 1974 and terminat ing on 15 April 1975. ei

option to extend the lease was included to allow for the possible extension

of test  operation s beyon d the pr e sen tly scheduled termination date of

31 March 1975.

2. 1 • 2 Maintenance and Re_pair of Ai rcraf t  Systems

Alpine Ai r cr aft Cha r te r s , Inc.,  is maintaining the aircraft , avi onics ,

eng ines , and subsystems and performing all routine maintenance inspections

as per the lease agreement.  Maintena~ice work per formed on the aircraft is

being scheduled so as not to impact test operations.

1—2.3 

--



- -

2 . 1. 3 Cop i l o t / C r ev ~ Chie f  S up po r t

In accordanc e w i t h  d ie  un - e ag r e em e n t , I~1 ;~i i i - A i r c r - i t  Cha rs ,

Inc. , is providing a f u l l — t i m e  op ilw / c  r ew chief  to su p p o r t  dl o p e r i ~ i n i i ~~

dun r i ~ the lea ~ nc :-iod.

~~~. 1 . 4 Insurance Cove  r .i ge

Insurance cove rage  s being provided by Alpine A i r c ra f t  (3- - :  ers ,

Inc. , and the cost  inc luded  in the  le a s e  pr ice  of the a i l - c r a l t . I .: i n —  u : - i C €

c o v e r ag e  i5  in  the fo11owin~ amounts:

a. A i r c r a f t  Hull Insurance  - full coverage

b. Bodil y Inju r y, other than passenger  l i ab i l i ty  - $ 2 7  -

c. Property Damage - $500 , 000 per accident

d. Passenger Liability - $100, 000 per passenger

The ce r t i f i ca t e  of i n su rance  was  included in the  p revious  c a r t .

2. 1. 5 Aircraf t Flying l im e

The 1 ~~~~ prnv~d~ s for  unl imi ted usage of t he  a i r c r a f t  n - i  t er

ad of the agr -eriien t

2 
2 Coordinat ion  of Field Oper a t ions

i he  MRI p r o g r a m  m a n a g e r  is ma in t a in ing  c lose  coi~tac - - . i t h  ~~~~~~~~~

-. d~~a~ -a i : u r  government  a g e n c i e s  to a s s u r e  full c o-o r d i n a t i o n  of all a i r e i ~~it

op~ : - i ofl~~.

2 . ~ Adminis te r  Citation Lease

Th e MRI p r o g r a m  manager  is rn 1 t a 1 ~uii e close co:it:~c 1 v - i t S  A l T i i t

/ t i r c L  aft - - r e r  s, Inc. , to a s s u r e  all l ea se  p r o v i s i o n s  a r e  b c i n i z  a c c on ip l i s i n - c i

-~rj -d l n ’ ccs  ~a ry  maintenance is p ( -r ~ or m e c I  on the a i r c r af t .  I n v o i ce s  ~ r e

CX ~~I 5 J 1 e  ‘cl dight time charg€ s ar e  verified with any  conf l ic t ing i n - i - -  -

r e s o l v e d .

1- 2 . 1

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A

~

--

~ 

_ .__h~~~.- _ ~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 

2. 4 Lease Litton LTN-5 1 Ine,-tia l Navi gat ion Sys tem

2. 4. 1 Lease Agreement

The lease agreement negotiated with Lit ton Aero  Products

provides  f u l l - tim e  use  of a Lit ton LTN-5 1 iner t ia l  navi gation syste m fu r

the entire  length of the con t rac t  period.  A semi-annual  ( 6  month) ,  l e ah e

was  negotiated due to the cost saving s compared to a fi ve month p e r i o d  on

a monthly cost basis.  A copy of the lease was  included in  the  p r e v i ou s

report .

2. 4. 2 Pallet Assembly

A special pallet assembly equipped with dual inver ters  and desi gned

to adopt the Litton LTN-5 1 installation to a i rc ra f t  such as the Citation , is

included in the lease and has been installed in the Citation.

2. 4. 3 Emergency Battery

In accordance with the lease agreement Litton Aero Products has

supplied an emergency battery desi gned to f it the pall et assembl y which

assures  continued INS operation in the event of any temporary electrical

pow er interruption.

2. 4. 4 Insurance

The lease provides for insurance against all r i sk s  or loss or damage

from every cause for full replacement value as well as public l iabil i ty inc lud-

ing personal injury and property damage.

2. 4. 5 Installation and Removal

In accordance with the lease, Litton Aero Products is providing field

service support for the complete installation, checkout and r emoval of the

INS fr -m i the Cessna Citation Aircraf t .

1 — 2 . 5
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2. 5 Administer INS Lease

An MR I program ‘nai ~ager  is  admin i s t r a t i ng  the pr o v i  a t o n s  of the

lease agreement ,  r ev i ewing  all i nvo ices  and r e s o lv i n~t any c on f l l c t i n4 i t e m s .

2. 6 Flight C r e w  T r a n s p o r t a t i o n  and Accomnodations

Acco modat ions  hav e b een  s ecu red  in the v i c i n i t y  uf W a l ] > p  s nd

for  the Citat ion captain, cop l ot / c r e w  chief ,  and i n s t r u m e n t  o p er a t o l- .

3. S U M M A R Y  OF CITATION FLIGHTS

19 November 0. 8 INS Test  Fli ght

17 December 5 . 2  F er ry  A i r c r a f t  to A a 1lops
Island f r o m  D ej i v e r

8 January 2. 0 SAMS M i s s i o n

20 January 5. 5 HEART M is s ion

28 January 0. 2 Instrument Test  F t i g h t

30 Januar y 2. 1 Prac t ice  FLAME Mission

31 January 2. 0 FLAME Mission

Total Fli ght Time 17. 8

4. ACTIVITIES DURING THE NEX T REP ORTII ’~G PERIOD

Duri ng the period f rom 1 February  1975 through 31 C ar c n  i.

t i .  — Ci r t I O f l  a i r c r a f t  and its crew will be available for  r e se a r c h  f1i~~h t s  at

~~i a a s  Fli ght Center , V i rg inia.

-I
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SUPPLEMENT 1-3

Research Aircraft Suppo rt for
HEART , SAMS, and FLAME at Wallops Island

1 February 1975 - 31 March 1975

by

Charle s Cullian
Stefai-i Steinberg

First issued as MRI 75R- 1327 , 15 April 1975
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1. INTRODUCTION

~~This docun i cnt  repor t s  on the p r o g r e s s  made under Contract

DNA 0 0 1_ 7 5 -C- 0 0 4 0  and modification P00001 for the pe riod from

1 Feb rua ry  1 j73  t h r ou gh 31 March 1975.

M B-I is supporting DNA and AFCRL in 1-IEART , SAMS , and

FLAME h ydrome teOr sampling programs at Wallops Island , Vi rg inia.

Part  of this support is an MB-I instrumented and ope rated Cessna

Ci ta tion sampling a i rc ra f t  leased for the six-month test period

16 November 1974 th rough 15 May 1975. The instrumentation includes

an INS leased f rom Litton Ae ro Products and modified specifically fo r

HEART sampling missions. MB-I is also re spon sib le fo r  leasing and

modif y ing the INS used in the P-3A support a i rc raft  based at Jackson-

ville , Florida.

This report discusses the progress  of the Cita tion lease , the

INS lease and modification , Ci tation fl ight times , flight crew recrui t ing,

transportation s accommoda tions , an d coordination activities.

2. CONTRACT CHANGE OF SCOPE

On March 10 , 1975 , a lette r establishing the additional tasks to

be performed by MB-I was sent to the Defense Nuclear  Agency. These

tasks included:

(1) Design , fab ricate , and test an elec t ron ic  interface

be tween the INS and Buffe r Memo ry recording system

(2) Obtaining FAA approval for  the SAl holographic camera

installation on the Citation Cloud Physics Research

Airc ra f t  and test ing the installation in flight.

1~~3 . 5
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3. PROGRESS IN PRIN CII ’A L TASK A R E A S

3. 1 Lease Citation N 5 I I C C

3. 1. 1 1 e a se  Ag r e e m e n t

A l ease  wu s negot ia ted  with Al p ine A i r c r a f t  C h a r t e r s , Inc.

I)enver , Colorado , gua rantee ing  exc lus ive  use of Cessna C~ [at ~~a~

N5 1 [C C  beg inning  on lb  N o v em b e r  1974 and terminating on 15 April

1975 . The option to extend the lease which was included to allow for

the poss ib le  extens ion of test operations beyond the previously

scheduled termina tion date of 31 March  1975 has been exercised by

DNA for one month.

3. 1. ~ Maintenance and Repair of Aircraft Systems

Al pine A i r c r a f t  C h a r t e r s , Inc. ,  is maintaining the a i r c r a f t,

avionics , eni~ines , and subsystems and performing all routing main-

t enance  inspe c tions aS pe r  the lease agreement .  Maintenance work

pe i-formed on the a i r c r a f t  is being scheduled so as not to impact test

ope ra t ions .

3 . 1. 3 Cop ilot! Crew Chief Support

In accordanc - with t I i e  lease ag reemen t, Alpine A i r c r a f t

Ch a r t e r s , Inc. , is providing a full—time copilot/crew chief to sup l - - 1 -t

all ope ra t ions  d u r i n g  the lease pe riod.

3.1.4 Insurance Coverage

Insurance coverage is being provided by Alpine A i r c r a f t

Ch~~; te rs . Inc., and the cost is i n .  luded in the lease price of the

a l  ~. The i n s u r a n ce  cove  rage is in the following amounts:

a. Ai r c r a f t  Hull I n s u r a n c e  - full coverage

‘ . Bodil y I n j u r y ,  oth e r  than passenger  liability - $250 , 000

1-3 .6

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
T~ 1~~~~~~I -- - - ___



S

c. Property  Damage - $500 , 00 1) p er  accident

d. Passenger  Lia b i l i t y  - $100 , 000

The cer t i f ica te  of i n su rance  was included in the previous

repor t .

3. 1.5 Airc raft Flying Time

The lease provides  for  unlimited usage of the a i r c r a f t  during

the period of the agreement .

3. 2 Coordinat ion of Field Ope rations

The MRI p r o g r a m  manager  is main ta in ing  close contac t  with

DNA and o ther  g ove r n m e n t  a g e n c i e s  to a s s u r e  full  coordinat ion of all

airc raf t  operations.  —

3.3 Administe r Citation Lease

The MRI program manager is maintaining close contact with

Al pine A i r c r a f t  Char te r s , Inc. , to assure all lease provisions are
I

being accomplished and all n e c e s s a r y  ma in tenance  is p e r f o r m e d  on

the a i r c r a f t .  Invoices  a re  examined and fli ght  time charges  a r e

verified with any conflicting items being resolved.

3. 4 Lease Litton LTN-5 1 Inertial Navigation System for Cessna
Citation and P- IA Aircraft

3.4. 1 Lease Agreements

The lease agreements  negot ia ted with Litton Aero  Products

provide  f or  f u l l — t i m e  use of two Lit ton 1. 1 ~ — 5 1  iner t ia l  nav~gat io n

systems for the entire leng th of th(- contract period. A sem i — a n n ual

(six mon~a s )  lease was negotiated due to the cos t  savings  compared

to a -~ -month period on a m o n t h ly cos t  bas is .  A copy of the lease

was  i n c l u d e d  in the previous repor t .

1-3.7
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4. ~ Pa l le t  A s s e m bl y

T wo spec ia~ pa l let  a s sembl ie s  equi pped with dual  i n v e r te r s

and desi gned to adop t the Litton LTN-51 ins ta l l at ion  to a i r c r a f t  such

as the Ci ta t ion and P-3A , a r c  i nc luded  in the lease an have -  been

ins t al l ed  in the a i r c r aft .

3 . 4. 3 E m e r g en c y  Batte ry

In ac c o r d a n c e  wi th  thu l e a s e  a gr e e m e n t , Li tton Aero Products

has  supp lied em er g e n c y  ba t te rie s desi gned to fi t  the pallet  a~~se-mblies

which  a s sor t - s  c o nt i n ue d  INS ope rat ion in the e v en t  of any t e m p o r a r y

elec t r ica l  power  i n t er r u p t ion.

3. 4. 4 l i t s u ra n c e

The leases  p r o v i d e  for  i nsu rance  against all r i sks  or loss or

damage fr o m  eve ry cause  for  full rep lacement  value as well as public

liabili ty including personal  injury and p roper ty  da mage.

3. 4 . 5  Insta lLa t ion  and Remova l

In accordance  with the lease , Litton Aero Pr ouu ctS  [ m r  ~
.

\ - L d i i 1 ~ itci d s~-r ’. i~. c s u p p o rt  for  the complete inst a l la t ion , ( n e L  ~~~~~

and remov al of the INS f r o m  the aircraft.

3 . 5  A d m i n i s t e r INS Lease

An MIU p r o g r a m  ma n a g e r  is admini s t e ring the provis ions  of

the lease a g r e em e nt s~ rev iewing  all i f l v O C u - s  and resolving any con-

f l ~ c t i n a  i t -u -Ins .

3. Cita tion Crew Support for  H E A R T  and  FLAME Programs

3. . 1 Complete Consult in~ Ag m - e e m e - n t

A consul t ing a g r eem e n t  has been n e go t i at e d  and a C i t a t i o n

ra ’  d a i r c r af t  cap tain will be avai lab l e to s u p p o r t  all HEART and
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FLAME operat ions , associa ted  m e e t i n g s , b r i e f i n g s  and a ler t s ,

throug hout  the deployment  period at Wallops Fli ght  Center.

3. 6. 2 Relocate Crew

The MB-I Cita tion support  c rew , consist ing of an a i r c r a f t

captain, copi lo t/c  rew chief , and i n s t rumen t  opera tor  have been re-

located to the vicini ty of Wallops Flight Cente r for  the dura t ion  of

the program.

3. 6. 3 Availabili ty of MRI Program Manager  and Sensor Technician

The MB-I program manager and sensor  service technician

are available on an “as needed” bas is. The program manager  is

monitoring the fol lowing:

a. Activities of the crew

b. Status of the Citation aircraft and its instrumentation

package

c. Procuring and shi ppin g consumable and crew support

items as they are needed

d. A r r a n g ing the rep lacement  of crew members  as the

need arises

e. Closely moni to r ing  the packaging, shipment, and

recei pt of data

f. Handling custome r ’ s requests  for  unspecif ied

services as the need ar ises .

3. 6 . 4  Logisti c Support

All consumable supplies , spare par ts, and maintenance kits

required to operate the Citation aircraft and its sensor package have
‘p

been ,trocured and shipped to Wallops Flight Center to be used as

needt-d t i r o u g hout  the program.  An MB-I program manager is in

p..
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da i l y c o n t . t c t  w i th  tin- s up p o r t  e . rt and a n y  - - d t - d  supp lies or spare

pa r t s  a i- c shipped as So fl 55 p055 I d e . lii this t ’ t ~ tim e airc raft and

p~ m~~t rt ul the s en s i n g  p a .  I~a g -  is a v a i l a b l e  b r  p rog  ram suppor t  in

a 100 I )) ~ - m i t  read y c u n d i t i o n  i d i i i ~~~~ t c o n s t a n tl y.

5 Supp ly  1- oil  Rep l i L  oh  i - , i r d  Po r t ab le  I n s tr u m e n t  l-~ae c a g e

Om- foi l  rep lio a m o  i- , MIU Model  I ~I~~0A , and one l’-l EU i o  r tab le

i n s t r u m e n t  p~t c i - i i g e -  has u ,-e- n prrt\ ided  fo r  the du ra t ion  of the p r o~~rar n.

o. n Citation k I i g h t  h o u r  Suinniary and Flig ht  Ap p r o v a l s

A ppendix l-~ c o n t a i n s  a s u mm a r y  of the Citat ion f l i c ht  h o u r s

a n n  thu- ind iv idua l  who a u t h o r i z e d  each p a r ti cu la r  fli ght  d u r i ng  this

r e - D o  c L i n g  pc n od.

4. DA TA A N A L Y SI S  FOR HEART , FLAME AND SAMS

Th m i s s i l e  ope ra t ions  supported by the MRI Ci ta t ion  d u r i ng

th e pe riod between 1 January and 31 March  1975 a re  l is ted in the

to b l&-  below.

No . of QuC k Look P re l imina ry  Final ~‘I i ss ion
Date M i s s i l e s  R ep o r t  Data Summary Data S~~n~~-~- ar y

( 1 75 Op e r a t i t r a  Fi red I s s u e d  Issued Issued

1- 5  SAMS 1-9 N / A  4 -4

1-20 HEART 1 1-24 2-14  Note I

~ -4 FLAME 1 2 - 4  N / A  N / A

3-5 HEART 0 N /A N/A Note 2

3-7 SAMS I 3-~ N / A  Note 3

-
- ael 3: F ina l  miss ion  suin~~~-i l i e s  to be issued by 4-30—75.

- ~: The only data r equ i r ed  ~r a n i  the abor ted  HEART mission of
3 - 3 - 7 3  a r e  Formva r r ep licat r h t ogr ap hs.  For comparison with
h - L ~ -h s  ta a- i d u r i n g  th u -  r et o  fl i ght  to Wallops.
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The FLAME mission data we re not r educed  because the

miss ion was a fa i lu re  due to miss i le  problems.  While similar prob-

lerns existed on 9 January and 7 March , AFCRL requested that data

be processed to allow the degree of corrolation between a i r c r a f t  data

and rada r data to be studied.

Data processing for all missile operations will be accom-

plished in cooperation with AFCRL. Dr. Barnes ’ lette r dated

31 January 1975 details handling of SAMS data; this lette r is included

in Appendix B. HEART and FLAME data will be reduced in a simila r

fashion wi th the concu r r ence  of AFCRL as to c rys ta l  habit and

associated s ize-mass  relationships.

Attempts have been made to derive bette r c ry s t a l  hab i t  in-

format ion through the use of the Quantimet analyze r .  Unfortunately,

due to contrast  problems and data art ifacts, objective measurement

of c r y s t a l  types is not possible. The trained eye of the scientis t  is

still required and , due to the volume of data to be studied , the c r y s t a l

ha bit determination is still largely qualitative. As a consequence, no

charges  for use of the Quantimet analyzer  will be billed during this

program.

The major difference between the SAMS data p rocess ing  and

that of HEART and FLAME is tha t  the SAMS data are  compared with

radar gathered by Spandar , while the HEART and FLAME data are used

solely to characterize the average wate r content  and spectra at each

leve l .  Therefore , in addition to the pass average data processed for

HEA It 1 and FLAME , six-second averages  of all probe data are stored

on c l i ~~i l ~m 1 tape and delivered to AFCRL fo r  fur ther analysis.

1-3. 11
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SAM P1 .1 N G \115 - 31 (  )N N A  - 1G-\ l J~~ \ S’-~ S1 EM FOR 1-IEART
AND FI.\\1l- : PROGRAMS

M ild h i s  ( It vt l 1J ) e d  n o v e l  hr r d w i  ci -  and  S ( l t \ \ i t  re b r  use with

th e- Li t ton L I N  51 n a v i g a t i o n  s y s t e m l i  to s uppor t  the I- I EA R T  and FLAME

p i- og, rams. The sys  l c m i i  has  be t -n m -orri pleted and used su c cc  SS1 ii ly

t i n d er  lo th tm st an d  mi s s ion  c o n d i t i o n s .

I Nav iga t ion  System Sof tware

MB-I ha s direc ted the c-blurt s of Litton A e r o  P r o d m i ts 0 the

w r i t i n g  of s i c c  Ia! s I t u J  cc- fo m - use with the LI  N 5 1 v-h j i l t  v - i m l d  a l low

the \1 RI Cita tion and P— ~A a i r c r a f t s  t s to rm fol low ’ i-:h 1 :  r n o k  ing

the  r pos t  i~ -~ - i i t t ~ c i t t a s a m i : p l i n g  runs .  When the r e - e n t ry  ‘:ehn Ic

r e - a c m - -i L i i  i c  r .  c point , the omission start switch is activated and

the ~~u f t u  cc e s s e t i l  : -  1 ~ p rop agIlm -s the coordinate sy s t en i  as the

re ’  n i- ’ t i - i j e c t i  i-y propoaotc s with  the s t o r m .  A com plete descr i ption

ol the  p ‘- °-a r a in  a m i d  i s  j o -  r a t ion  is m c i  uded Appendix C.

2 Pili St - - r i : ~ D~~j~~av

M i-U l i t --, D r  \ e lop e d  a c l : s H a y  s y s t e m  which  a c c e p t s  th~ LTN 51

t rack  ang le e r - o r  ~l ih E I U . r c c  \i cl - c s y n c h  cr signal and C l O d tI )ns  it  t (~t

0 m- i ’ - : a c oot  m l  t r a n s  {r rmer  d i sp lay .  The-  c - l e e  t ron ic  s ami d L n t - c c - i  t r a n s —

- n i e - r c o m f l p r i s ’ r an  o t i — i ~~t - -~~h e l f  unit which  h a s  b e en  ITIC.  h i i L D c - .

n n d t  l i e d  1. a i , v -  ii  i m n tn ib i guous  ~ t e - &  rin g C- - :  n i anc i  to be d i sp lay ed  in

the co~~k o i t .

\\  itl th ( 15dt of the sp ec i a l  S n t v a  d e sc r i bed  in Section 4 . 1

L i t  t t i ck  - c c -  r r  d isp lay i-i t -ed onl y he k m - p t it z e r o  by a i rc r a f t  ste e r ing

m b r i ng  the  al  N i-a ft  to I l i m - desired sampling po i n t s .

T h -  s t - i - t  I~i i 2  d isp lay  s y s l m - m s  a m - c  i ns ta l led  in t ] i , . MR_I Citatu- :

P— 3-\ a i r i - r a f t s . 
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5.3 LTN 51 Data Bus Inte r face

Design and f ab r i cat ion  of an e l ec t ron i c  i n t er f a c e  which

in ter roga tes  the LTN 51 serial data bus and con v e r ts  it to a parallel

BC D fo rma t computable with the Buffe r Memory  Sys tem has been

comp leted. The uni t has been installed and te s ted in the P-3A a i r :r a f t

and latitude and long itude outputs have been observed on the Buffe r

Memory nixie tube disp lay.

6. HOLOGRA PI-TIC CAMERA SYSTEM

FAA approva l for installation of the SAl holographic camera

was finalized in Newark, New Jersey ,  afte r a coordinated e f f o r t  with

Butler  Aviation and the local Gene ral Aviat ion Dis t r ic t  Office (GADO).

The Citation was fl own to Newark prior  to approval in o r d e r

to familiarize the FAA representat ive with the proposed instal lat ion.

Subsequently, all necessary documentation was assembled and sub-

mitted to FAA .

Upon recei pt of FAA approval , the camera was i:i s talled at

Wallops Flight Center , Virginia .  Doc umentation is inc luded in

Appendix D.

Since its installation, MEld  has supported SAl by providing

t es t  and operational support  as necessary .

Specific comparisons between the DNA Formvar rep licato r

and the SAl holographic system are being made at the r eques t  of

R. Cunningham, AFCRL, by preparing representative photographs

of the c rys ta l  habit  recorded by the Formva r replicato r during the

acquisition of each holographic r ecord  made on 5 March 1975 .
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7. :\Cl l \-J l 1 1-25 Dl l U N G  F I l E  N I -~X 1 R E P O R T I N G  PERIOD

D o i- ing  the- pe r o d  f r o m - m i  1 Apr il  t h rou g h 30 Apri l  1975 , the

( h u ~t - n  and i t s  c i- t v  w I l  he av a i l ab l e  a t  Wallops 1 - t i i ~h t  Cente r t i

supp or t  r e s e a r c h  a c ti v i t i e s .  This ex tens ion  of r e sea rch  a c t i v i t y  b y

DN~-\ 10 i i i  the p r e - \  ious l y s c h ed u l e d  end dat e  of 31 M a rc h  l~G 5 v ill

c h a n g e -  the ( I c c O i l l i S S i o f l i ng  do t i - S  fo r  the Ci ta t ion  r e s e a r c h  a i r e  i- aft

t i  I \ t a ’~ th r ou g h  15 May 1 )75  af te r which t i n i e  i t  will be - i t  m e d

tu  Al p ine A i r c r a f t  C h a r t -  - rs , Inc . , -in Denve r , Colorado .

nay  icL a t ion  S y o t e l l S  will  he r emoved  f r  ~~ r h~~tJi Ii: - P~ 3i\

and C i t dt ~~ fl a n d  r e t u r n e d  to L i tton  Aero  Pr c i oc  t s .

Data P r u c e  ss in c i m i C i  ccii -S 5 L 0f l  repo r t l l i L  ~vi l l  c r i n t u : l ie  11 OO t gO

the nd of the c o n t ra c t  per iod.
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LYC (1*. barnes , 1-3284) - 31 January 1975

Citation/$ThS Data Required by AFCRL

HQ S1MSOItSSl (Capt Pis.srcsyk) 
-

1. Th. following informa t ion is provided for the work sta t ement
for the )4RI contract • conce rning the data to be provided to AJCRL
from the Citation far SI-MS V missions .

a. APCkL needs th. following:

(1) In real tin, while the Citati on La making saauremant-
pass .., shortly b fore or after the mission . -

(a) It least two ti~~ checks (G�f~ tins) during flight
along with deviation from ~~~C tins if any .

(b) Tins, with remarks on the weather, on passing
points L and ~ , the beginning and end points of the- passes.

(c) Altitude of th. pass. Pressure alti tu d, with
altiast .r set to 29.92.

(4) General co~ asnts on the visually observed weather.

(.) When feasible for each psi. , a s~~~ la count of PMS
d.m~~l.. This would be specified by the IiFCRL Pield Director from
the 1~ CC and would usually be a visual .stizaste of the average one
eacond counts In chan nels 1. and 4 or 2 and 5 of the precipitation probe .
This information will be provided on request only.

(2) Ia order to aid in th, preparation of the 48 hour TWX.
the APCZL Ei.14 Director needs by 36 hours aft er the shot the following :

(a) Tines (Qcr) of the b.ginning and ending of each run ,
th. pressure altitude of th, run and an indicated temperature and
airsp eed.

(b) Pertinent c~~~~nts on th, observed weather during
the flight.

• Cc) If the local Salisbury computer can be used, a print—
out of ?:l.~ avera ge partic le concentratio n per ch~~i..l for each }~i~ probe
(averag, or total) for each pass is desire d. Part icle co~~ t per eK~nnel
for each ~~‘ss could be suppli.d in lieu of the sbowe.

1 1 1 — 3 .  :~
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(4) The degree of success of the operation of eath
major piec. of equipment duri ng he f Light , i.e., the P!iS probes, the
foil , replicator and temperature probe. If there was a problam. a
short stat ~~~~t of the czattire of the probl em La desired.

(3) In the longer tins sc-al., it is requested that the crysta l
habit or percent of each crystal habit identifi ed per pass be discussed
with 1.ICBL before the further processing of the ~~~ dat a tapes . For
this purpose th. foil and replicat ot da ta should be examined but nn
extensive analysis of thes. data are presently progr~~~ed.

(a) The catalog of shadow length to mass relationships
that are used in the analys ts of the PNS data should be supplied to ATCRL.

(b) Altar crystal type of mix per pass has been agreed.
to by APCRL and ?W1 the ~~S raw tape data should be transferred to a
Lvajal-eia type taps and thi, taps sent to APCBL/LYC to arrive NLT 30 days
after mission. Crystal habit or percent mix used for each pas. shoul d ka
included.

(c) ~ si~~~ary listi ng of parti cle concentration and BJC
per pass should ha provided similar in format to that in RAl report on
UZAZT mission on 25 Harch 1974 , report dated 23 ~pril 1974.

~~~~~~ A. 3Aa~ES, Jr ., Acting Chief, Cy to: ~~A (Capt I. Rouston)

Convective Cloud Physics In ch ) .l  Qir . a. Davsy ) ~ 
-

$.t~orology Laboratory - $JJ(SO ()
~~. .1. Bess)

LY (Is. a. O nningha~)
LYC Qir. H. Class)

u1- :~ . i

— 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~ - - - ,-._—~ --  

, _- -



A P P E N DI X  C

~~~~~~~Iuv  
-



-q.
-
, - - 

-

~ N~’ 1 
- ‘ 
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-~~~ ~ ~~~~~~~~ 
ICO DESCRIPTION BAIL APPROVED

4

CONTRACT NO. F•7~ A E R O  P R O D U C T S  D I V I S I O N
• 

_________________________ Ltj LITTON SYSTEMS, INC. LITTON INDUSTRIES
CANOGA PARR . CALIFORNIA 913O~SIGNATURES DATES

-
‘ 

, TITL E
- CNN cI)MPI 1 ER I’RI ;I~’\M 1 - 5 5 1

ENGR / ~~~ 
i M~~t ~oro 1oqy Rese a r c h  I n c .

ENGR -

ARD APPROVAL SIZE CODE IDENT NO. NUMBER RI /

A 30782 ~~~~~~ -4 7 — 1 ) 0 5 5 1

CUSTOME R AI’PI~OVAI . _____________________________________________________________________
SCALE 1 I SHEET i OE I -~

M APi -

• c 1 — :~ .3

DI BLA~~L~OT FTI~~~~
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A l i gnment Status Values

STS DESCRIPTION

90 Fi~r st  60 seconds a f te r  turn—on during which th ~
Gimbal  i s  caged and the gyros are spun up.

80 Analog f a s t  l ev e l  mode , l a s t s  120 seconds. A i r  11170-I l ’

w i l l  be h e ld  n i  STS 111 1 until present 11d’ , i t  i c , i i  I n s

been entered , r l d  the MSI! mode swi t ch  i s  set t~~ 2-2 I oN.

70 D igi t a l  f a st  I . - ’ - , - l  soul,- , l a s t s  lv’ sec ond s ( - . 1  1(11)

timer 220 II ’  i,fl~Is ) .  Al i g n me n t  held in S S 7 -

un t i l  the p l a t l o rm  uu—to—temp discrete is  r . - r

by the compu t e r

60 Velocity averaolng mode, lasts 25 seconds , . i - o - I  r I

which al pha ~ st imat ion is tested b r  r e a s u l r n I -  1 , - n o - s  - -

50 Damp inio mode lasts for 120 seconds during WI I d

veloci tics a re  :11 towed to dampen out ~ t ter d l  r d  to i l

cosine Ilpdu t I ’ .

40 Alignme nt  gaiIIS a n -  changed for fine gyr Ic ri , I

This period L, - t 120 seconds.

At the end of STS -1(1 f i l l , -  gy rocompassin g  c o n t i n u e s .  The S t a L i n - -
number disp lay r - rI i n d i c a t ’- s  the l a r g e s t  of t h e  f o l l o w i n g  three

quan titi e s ;  \x pu lses , t’~ pulses or north gyro drift. Stat us

value a s so c i a t e d  w i t h  n r l - 3 r u r c  north gyro b i a s  have t h e  ‘ 1 1 - wi rio
corre spond ellce;

STAT US T-4OPTII GyRo ‘. 1

0 Less t h a n  0. Ii deg rec ’ s,4lour
1 0 . O ( I r  t o  0. 022  degree s/hour
2 0.072 to  0 . 1 1 2  degr ees/hou r
3 0 .112 to 0. 140 degrees/hour

A S ta tus  va lue  of 2 or l o s s  must be ach ieved b r  the Ready N o .
A n n u n c i a t i on - 0 1  the ~E-.l to i l l u m i n a t e .  N- r Li gyro hi  :i r- icasu red
must iso les s than ‘ I . 112 degrees/hour .

SIZE CODE 10tP41 P40. NUMBER I -

LA 30782 - 1 v ) ~~- j 7 I . - . , 5 ) 1
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A l  i c~ i i m e~ i 1. W a r n  I 0_ I s

1. At  ‘j r ,  i - i - I  rt  Ni’ , I I , i~ t e s t  1 0. 1(7 , <(S IN’ A I 1 I :a  + COS
2 

Al p h a )
(‘3.  12 5  (a I l~~ j r  1 i x , , - C o I l— fl I l l i ye —~ ‘c Ii1 , I v, I n - o n  t y  S V I  r a I n  iii)

per iods  ( ‘iTS I ) ;  1 ( 0  1 1 . 1 -  1101 w a r n  I S  ~~n t 1 \ d i I. 515 1 . .  i s
ma i f lt n iu I I i -- I lint i i (  t l I iS 

~~
r l 1  r i .

2 . Be l ow ST S I ! ’ )  ( 1 . . - . ;  70— ~- 0 )  t h e  f l u -  I l i l i g  war n  i s  a r t i r a t i - I  al l - ’ -I

Vx or \‘ y i— s i —  ( n ’ . - .-r f l r n w )  —i l.ro11 . - I . - r s i l i~ ’1i i t r i , -  1 . :  1 . 1  - -  I on

th ree  r&-n l I i n n -  l I t er  ru ! ’ cy ~- l e s .  II I l ( I I I ’ I 4 i n t  1 5  n i i i  at -O S -

3 . A f l a s h i ng  w o n  i - i l l  t~~- a c t i ’ - n t e d  i f  I . a l h y N c r i t i n a  i s  nint
sa t i s f i e d  w i t h I n  Wi~ lfiifllIt~~~ - :n I t o t  d o m p I et i l i ._1 ( I I  1~~ 1 I  r 2 1- , r r c O l l O s S s11 : ’n
time of i - l i n t  i l i l l r i l t s S .

4. If the 2 - l i - n o  I l - i ,  i s  ~~~~~~~~~~~~~ a I ’ i - r  a I-h - n,~l; N o -  lig ht is l s n l n i r . I :
a I l a s I I i I i - I  w o r n  s-n 1 1  h r i -  n l r t i t - S t e I l  I I  I l l , -  s t a t u s  v i i  - o r - n  r -  2
fo r  .1 ~lC1  I .0 I -no n - n  th an  1~~- n r  m i n u t e - , . T I n -  kea ly l a  I i  o h I  w i  1 1  l - ~
e x t  IIIIIII I I I , h - r I l i l i ’ _ I 1 1 9 1 1 1  I - I l l  i-s r I n r i u n  — i i  :~~n.i o i l y  N:~i’ s i l l
i l l u i r I j I n S I . -  1 17  t i nc- t h~ s’:,: n - , is  2 p u l se s  cir l , - - - .~~.

Ana lo g o u t p u t  Ch a r a r . t e r i r , t n c s

I.  An a l o g  t r u e  l l ea dln g  (T R  Ibrkh ) is updat ed 1, -n t i l t s a second .

2. D r i f t  a ng ie  112-) and I)-t + t r ac k  a n g l e  e r r o r  ( I K E ) a re  s e l . - c t o - l
as analog (lil t [l i l t  S I f l i l i l  — -

3. AR IN C s t e e r i n I  si gna l s Sr. - a v a i l able (In track angle e r r o r  c u n v e n i n -r

i f I .T i ’— 1 3  i s  çjro un cl e t ¶ 1  1 I —

4. S t e - i  i r n nj S i - O l d l  oU l p i l t  iS  1 iT I I i ’ iu i a t  ± H degrees 1-alIk a ng le  C n , m n a r r - i _

I r a r k Ss. i ‘ - b i n  I (Ho I I ( t ’ - I  i - _ t i c s

1, A u ! - mode — 11 01 1 110 l i i  r I o  (LI P — i ] )  i s  ( I r I r U l O l e  - to I l i — 3 ;
I rOn I n-n s,. - L I  I i i  ng is , r - n -  uted at .10 seconds  time to r i . - n I h - . I
l i g h t  I - i l l £ 1  H~n - j r n . i 1 ’ ~ :,1 t~~- mj n u l i - s  t ime to go if grI d k

is greater  t h a n  :lH kn o t s .  - -

2.  Nor  r~~. i  ‘- I t -  — ow i t c h i n g  I l i j f lt  mech aru zn i t  - - - I .  i 5  t h e  sam e a- a l r n us r

sO th  r t n . - n - : r , - . - I i o n  t h a t  I b r  k n hanqe i s  n I t  i -  le a u t o m a t  ica I l y  .
In l i t - i 1  o i  t n -  n i r i t o m a t i c  track c h a nge ;  t i n  Al III l igh t  is f l a s i ,-~I H
as an i n d i r  n t  1111 t i  the  r 1~~ - r a to r  to d o n - n  t r ~~~k m an u a l  1 ; .  ALERT
lig ht I l a - l n  l l I ~J beg ins  0.5 minutes t I n’S to ill .
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Track Hold N - - N  - -

1. A Desire I T r a ck may be inserted into the computer tn provide an

— 
1N’ T r a c k lol l ~n n r r h c n  . W i  t i l  t i n  CPU D i s p l a y  N i l  n’c t lr - 5 1  t (  Ii ~et
to DSR l K/-O - N posi H ( I l i , t i l t  - h  s i r e - I  ang le is , - r i t , r n - r l  i~~ - i c - ; r n e - , n . i l I i i

the  0 b u t t o n  on 110- ( I I  and n o n - n t  Il l) t he  ang le Li, t I n -  I n . - . r i - - - t

0.1 degree- iii rH In-I t h i S  I -r c a !  d i s p l a y .

2. 015, TI ME a o l  XTK v a l u , - s  s- . 1 1  be rero and th e Ftl l iM/ l n d i  s~~ I s  -

w i l l  in d i c ot e  n ) .

Distance BCLW i ’II On y p r i  nuts in N n 1 11na l L I N — S i  Ope r a t ions

1. Sn- t the Chil i AI1TO/l-IAN/RMT ‘- W I  I cli to liN T , T h e  FROM/TO di  -o l a y  w i  11
b l i n k .

2. Set disp lay selector to DI!;/T!t-IE. Left numerical d is 1 rI r1; w i l t  he r r - rO •

3. Enti-r rca K i;lIange i r , -twee f l  satpoints to be inti rrr..n ited . The li-ft

numerica l disp l ay will Sc- L i i i -  d i s tance  b e t s - n - n - i n  t I c - n -  w~~;inns n ri i - .

Normal track di s ta nce  c a l r .-u . L a t i o r ) s and track -- s it , (1010 r U nt  i Innn- r ,
uninte rrulrt i- - I  d u r i ng w av n  - 11111 I f l tn - i r o g at i O l i .

4, Switching 101 AII TO or MAN restores the normal FROM/ill and 015 di0play .

- 
- 

$
BcD bus characteristics

Label (Octal) Quantity Uni ts Reso lu tn.-ln

1 Distance to Go Nm 0.1 Nm
2 Timc to Go Mm 0.1 Mm

5 Track angle rror Peg 0.1 Peg

10 L-atitude Peg t~ Mlii 2.1 Mm

11 Long itude Peg & Mm 0. 1 N i P -

Di sp lay Re strictions in N , r n a l  L TN — 5 1  Operations

1 • For grou n i o i rn.eni equal to -1 less than 10 knots , track is so1

equal  to true healiing a t n r l  - - i n n ’ S  to go is sni to zero.

2. For a Fl- S i I r I / I r  ‘ - k 1.f 1)1) ( a l s o  prnsent  pr I t  ion has not  been
entered), P511 III , I K E , X i K , DTG and TTG s i r -  set  to ze r  I .

Wind Computat iOOs

I

Computer program is capable of computing wind speed and direction

based on kn-y ln - rd entry of true air speed.

SIZE CODE (DENT NO. NUMBER
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rape V , -r i f i c a t  inn

n or nfica tioo of n r .r i5 i n t e r  f . r o r n r n n r f i l l  starts at location h (nCr 2-

n i y n n _  Bias arid sc-alt- factor locations —

Location Para mete rs

7004 BXI )T , X -it ’ ni irias
7005 BYli l , Y q r r r  SIan-
7 O i i t r  RZ I ) T , 71 n i y r r n  bias
7007 ( I X , Nn. ~ - r I n n - r  fo r  X j y  r n  .1 a m -  b c  n t
7 O l n i  GSY , NI - I~~1 i c r  f o r  Y gyro scale iacn-r

ppixip2 -Ni I L  RA ( IN I N I ct I N  1-ill I ‘- I f  - SI ON  I IP [ PAT t cn ’ iN

Samp l i n g  n r i i s s r nnn - nt ch ing ch ar n c t e r l s l t n _ s  —

1 . A d i s c r n n n- I m m l i  51. 1 t c h  I N nO I c - r I  M I S S I . . STA R T’  w i l l  l r ~ ‘Si l l - I l  ml
and m u s t  I - - heav i ly  r i _ _ I  0m m1 - 1 1(1 the  i f  [ r n - i  10115 t O  ~~ i i  r nm - 1u1,t i

tur In n m f l Our m y m i  s n-j o n  ~ - ;  ‘- n _ a l ions.

2. Swi tch in t i n  (1F F I l osi t i  n I l  — The normal a hi oIl and r O I - I I l I n  I - I d i r - ’  I n _ m s

of a n - t t n n r l t n r c h  I IN— h s v s t, - n l r  shall be per ! I~~~~i .

N r S i t c i r in  t h n - rN i mi rsi tion — The switch w i 1  I i  i r l n r e I in t ine

posi L i o n  i n  t I n -  N A .  mode ai l n i  c -n ab leo  e n t r y  rI a l l  iii  - r n  r I~n t t i
pa ralli e I - rs .  I i i -  p l a c i n g  c - 1  l i i i  SW I r~li t - - th e  r 2- [ i S  n t 1011 S t t n r m  S

the u - a l  I mn -  I n t - n r a ’ I _ on t i n  r r l r r i n . t n - t O n  r e i n - i t i n -  p l i s i  ( .0 1 1  n - I

a i r c ra l  so t i i  h r - n i .  I t hr . f l IOVi  19 sailipi 111 1 point.

‘Ii sn - i o n  -J nita eniry and d is~~lay

The ‘~~I l . S l n f i  ( n O  n T ’  switch w il l  i - n sQt t r -  ON position a first time to

i n , n i - I  t I - n  f o l  l r - ~ I n o n  Oat a ;

1. S t r  - 1  irn d i r  n - I 011 mm ii P1cc- i t v

a. Sc- t Al I i  N I r N / i l I swi t o l i  to .\IiI i 01  t I \  -

b. Set gel- - -  t r  rr  sw n  tch  to  DSR 1K/Si S

c. Sn- t BUt  ‘~ to 0

(I. Press th e ‘ n ’ key for l~~il - l n - ~l - l ~ - y n r n i l n. r l m r r  st Inn d I m - i n  ion

to th ~ i n r e St  lentI l of a 1,-gree .

e. ! r i s~ - . -~ ‘5’ key for ri t nf r t di s1r 1~~y and ,-ntcr storm speed

to a l I s t .
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A 30732 1 
I r , 7 r

SC!LE 
— 

I S~
1ECT 

- OF

~I ’  O i l .. ~n “ la’ —

~~~~

( 1 —  ~i . it-i 



2 . Azimuth ant I t -  arid n_i l  i i .  r~.t i n - ,

a. Lean,i Al 11 I/M tn N / ; c t i  ~~i I I - hI to AWl) or MAN .

b . Set sob -  t o r  - - i-r i t i P  t r r  I l l  TK/STS

c. Set B l i  e ‘ - .  1 .

d . Press the  ‘ I ’  k - v  ( m r  1 € - I t  d i sp lay  and en te r  az i m ut h  s i n !
to I ! ,  - m l i ’ s  t t i - i l l )  - - n I a lnsj r i - n  —

e , I r ~- s- l I , ’  ‘ 5 ’  ~- - v  1 . .~~ i gh t  I i  -n -p lay  arI d en t e r  g l i d e  r a t  m m
to a X , - , - t  ( o - . - - in h n r i z r i r i t a l  p l n l n n - - ; r , - r t O ri f t  n- hiin n n - m r
a l t i t r i  I - ) .

N~~t i :  y~~~ r i  a !  I n i - - .,~ n m - h  w n l l  n- i .l~~cn- - l t n  t i le 11F F p o s i t io ir  al- er
‘he ~~~ - - -  - - i t  n - - n  , -r ’ , n n n n -  I r l n - l n m l  and l ) m n l I f l m l  I_ iN—t i inperal lo ins

W I l l  c I o n .

11 i - -  ‘‘- I i  - 1 1 11 STAIn - so t . h  will hi p h or n - - i  in  t I n t -  (iN 1 t i o n
a n - e m  - m r  - t i m e  .0 I~~ , -  112 i n . I  1 m m  ri- — i - n r t  r n  vc ’ l I ic ln-  a rm  n e s  it  t I n -
p u r e  I . 515 -1  t Ine  ~~ - I  - l n i i l i j m h i I l n  i - a l l  in ,  l l m a m l e - l .

I . Pu - n  - - - l o i n  t i n ’ I n m i  and l ( n r n mj  I t ude

a. Sn - I  -\~ - 
- n ’~/ f  -I I - t • in ¶ - - A l it ) I - r

b . (ne t di  ~ -- -
~ I , -  m i  - s r t C i I  t i n  BUT

C. Net WI ~~~~~~ 0

ci. 1 u - n -  I - 5’ r I r  ‘5’ 0 - -  and o i l I er  t f m e  l a t i t u d e  U t i n , -  1 r n - ~ m n r - n
t e n t h  1 1  a a . - . 

l i - - s  I ,~ ‘ I  ‘ or  5 -
~ 

s n m n l  en . - r  - n m -  lonqi tude I I  I n s -  n , - 0 t I n
I ,  - i O n  I - I Ia deq r - i -

4. F n , - r c c -  P , , i I . I  iii - ‘ Sn

a. i - b  5i 1~’-~~ - S n -  I 1 - -~ 
- t r  ~l t n  AIJTO h r  MAnN

1- . so ’ b ; I .  l e c O m r  s w i t c h  t m Psi TK/ STS -

c . t n t  510 * -

d. I , ,  t I m ,  ‘ 1 ’  - n-~~~ : -  r r  i i - i I n l  r I l s i l a y  a l l - h  i - -n~~oi- l i e  f i r - - I  t n - - .
d i g i t s  n . h  S i t  - - n  In- - h I  uni t ln 5 O L r  I

I ,  — F o r  15 , 5 - - f t . ent e  35
1 , - I  5 ,~ - I i t ,  ente r 5

S-iL CO~)E ID[NT sa NUMBER St —

A 30782 -. 5-i  ~~- l ) -  l t l
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5. [ i - s m i e - I  .i l t i t l n - I ~ - I r ~~ t i n t ’  f i r s t  p i l o t  to be samp l ed .

a. I- d O  - I I  / \ 1 - \ N/ I - ’ t  I nm - n  t h ~ I I .  MAN

I - . Pres s t . . ~ 
- i K ( I I G  [r un - l i ) - m n ’ t n - n

C.  F~mt ei the bO rn- - I 1w-I d U h - r t s  of n _ h e _ _ i  red altitude i n  u n i t
1000 f t  t i n i - -h j i n  h o e  ( I i i  ~~~

d . i r o n - s  11)0 b N ~ m I ( ( 1  p r - .m n l - - - t t n in . Th ,- I - R I I M / T m l w a y p i m u n t i .  r i I ’ - I . ! a S
shoii h.h r i~~n n l  t h e  r I r i m r h n - i - ’ . I n - -C - r u - n h O l I n  t h , -  1 i m ~ h I  n- i o n  1K ( 3 k m
and I b u rI k F s i l l  qn -  o u t .

N t O :  A n m t mr ~ -n t  I I . 11  ar k r I  oh m ic n-- i i s i  1 not I n c - d O t  so t i n  . 1  - . s n . m b l  St S l~ t

n- wi t r h  21i a n - ( t i - I n .  ( ! ,  m 1 e C t l - - I n • I t i n e  de simn- i t n _ i n  i n

plane 5 ) m I a l l  I- nI i n - 1 r o n r nol t - - l  na nua l l y i t. i - n o n - r i n g  I n ,  a l t i  I n n - S
u s i n g  t l n  ;Ir m m m lurn - C l  • h i  ~~fl 5 .

0.  Fruit ry of  t ue a i r  s[r .~~n - -i ( L A S )

a. Si - t n_h ~~ n - 1  V/ I  I-! ! n - w i  t ch I I I  Ri-IT

b. (n e t  i i ~[~ i .~~~ 
100  t r m l - - W i  t c i m  to D S R T K / ( n T S

C. Pr e s s  thin- ‘ 5 ’  k~ -y I r i  t l  g i n t  di ~~~ 
ay nItI h h r  - I n _ m n , - a n  - .1

t o  a W h i r r  t

N ot , : i r e  en t r y  - I f  true a i r  s j n e n -  I is  a n - ., I  i n _ m b - i n -  b r  - I l l  ; r r n s I  t t .~ I n -  m d

of ‘l i lI SS I n -n - - t n k T  — S l t m . Set  A I l l I ’\I~ n i - - 1  i- . O H r  t i n  n i l TO
or MA N to I i  .~~r f  .y - n - r - p i r t n . l  wind n-I - h nO.3 O n  l i - r I 1 - d i . $

S n n n - ~i i . r y of P n _ n t n -  h t m l  I y Slid Di n-j O , v

I
_

I l l  -n_/N/ hi ( i m i  2 1  Wi T N i l  n-

- - . . 
- I - m l  - I- . ,  I - m -.- . - l~ - - -so I -  so - r -

S l n o n Sth rrh —— A or NI I S N R I K / n . l I .  0 (A

Dm m e  I 1 . - I r

A . , nh GU I- —— A or N P y h i f R ,’S I n -  I Pt.

A h i g k

h m n r , - - - P t  —— A or N BUT -, ON

I. n m t i  t h r u m  m n .  - n t o n l ’ S

—— P i e r  I~~~ . —— A o r M OSPi in- a l t .  ON

A l t  - t n  N

— —  — —  D c - s : n e  I M A n n  Ally ON
A i t ilnn-l n-

TAS — —  B P a -  l in-/ !OS Ally  ON/OFF
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Di sp lay Rest rictions in MRI n i S~~~ b 0f l  operat io nns —

I. X IK is set  to zero wi th ‘MISSION START ’ switch in (IN position.

2. To display -h -s ir ed track (1)511 TK) set disp lay .el ,-ct p r ~ s i t .  I I

to DSP tW/STS m l l n i  set wpt  ~ to 2.

Alert li ght n~hara ct n-i I stics in MIll mission operations —

1. Aler t  li m n b t  and remote alert li ght 5 1 1 1  i Ilu lnuina te 1 m i n u te  I

t o  m n >  1 m ~ m r  t m  - r n - a n : i I  h i l t )  n - r I m - I  m u  p o i n t  l i i i r n - I n ) , ,  m l )  I l U l t l l l n -n - - - i I - I

2 lii  l U t e s .

2. AI liPT w i l l  not i llurl inati ’ u . i l , - s ’. m i , - h I -  - h  . . l t l t I h r i O  I S  , - T n t , - re - ! an
scm - c - t i m of t a t i m _I n i l t  p l ans- w h e r e  th is - samp h ing n-n il H- - i  n

cn. .n i n p i i t i - n- i .

GEN Il I lA1 0)5 i l l  ~n - I !  l i l t - n .  ( i r ’-It--1A\115

Coordi n at e  s y s t e m )  it s e r i  —

A l o c a l l y  1 e n , - 1  r n - c t a n i n i u l a r  c u r t i n n a t , -  s y s t e n m n  i l n i - v i n g  i l l  ‘ t O u i  P I C C t  e l i

wi thi s to rm n- l has l r e m -n  used . (Refer I I - Fi gu i i  I
In t h i s  s v s t . - - n i  N i s  m m  r n _ i l , Y .s ea s t  an m i  Z is i i i . Tinip - e r t € - n I l f

th e C O C h i l i l  f l at  i n - n _ s  I ~il i s  r e f e r -  - I n n  n -n i  t I n  th i- 
~

• m  m s i I l m - l I  of I r i s - U - I )  si  r m n ! ‘

at t he  i n s t a n t  l n ~ ‘ M I SSION S i n _ h i ’  sw iP  S i s  j 1~~• i d  i n  IN p o s i t  ri .

The a l t  i tude 01 I n n  is  -e., ‘ I n nS - i l Sn -  p i cr c-c  m c ;  r i b  n i  t i to-ic.

z
X ( N )

~1

i n n  I i on

Fi g u r e  1
I

S17E 1 CODE DENT N~~ NUMBER [Ti~
~~ A 30782 - i l - I  b 4 _ i , m n t , i  I

SCALE SHEET - OF

m i m i .  i - I n  m l  n O - ;

II.

( - 1 — : i l l

,.

~

‘ -.~~~~ - ~~~~~n- ~ n- - ~.-,q.- -i.’n - ~‘ t T ~~~~~~ ’ ‘~ ‘ -~~ 
- -~ - —

il~~~b~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~



--

Guidance n-quin t i u ) I i - —

V1-~~~
, ~~~~

- 

~~~~~~~~~~~~~ L.
//

/
/ ~~~~~~~~~~ --~ -~ -

~~~; 

_

~~s

_ ~~~~~~~~~~~~~~~~~~~~~~~~

~~~ )n .i— ‘~~~~ FP - -H
- ~~~

_ _ _ _ _ _ _ Y s~~_t  ~ S
Figure 2

Pu (00 , m
’t n i )  : A/C Lat/Lonrj at ‘MISSION START’ switch 1)0 posi  n _ i o n

PP (Øpp , p [ )  Pierce point Lat/Long

SP Desi r ed samp l i n g  point

A m : A/C p resen t  pos i t i on  i n t e g r a t e d  by XS and YS

Desired t r ack  angle to intercept t i l e  sa l i ll i l i n g  ; r r m n t n t

I s Storm d i r e c t io n

I az : Azi  i l i l t i n  ang I , - of r e—en t  r ~ n_ O i l  c le

p O f f s e t  due to a l t i t u i m d i f fer e n c e  a n g l e  and O i i n h i tm r a t i o
of re— c-mi t ry v-h icl c i[nrole cteu h onto X—Y p1 a:Ie (p  i , n c e
p o i n t  a I lt . —d e si r e n i  , i lt .  ) N g l i d e  r a t i o

SIZE CODE DENT NO. NUMBER REV

A 30782 -~ l m ~~ l00551

SCALE 1 I SHEET 1 - n  OF

~n1R,.I i-in- m n n Il

~~ ~~~~~ 
. - ~~~ “ m tmc f l . . ,—” - - - - - — - - -

~~~~~~~~~~~~~~
r - - - ‘ U ,. - _ ~~~~~~~~ _______
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TTG : Time to go to intercept  the samp ling point

DIST Distance to go to intercept the sampling point

TKP : Re la t ive  tra ck angle of A/C in moving coord inate system

GSP : Re la t ive  ground speed of A/C in moving coor d in a t . -  system

VXS : Storm speed along X— axi s

VYS Storm speed atotmg Y -ax i s

VN : A/c speed along N—axis

VE A/C speed along Y—axis

Vs Storm speed

TKEP Track angle error in moving coordinate s v - 5tem

VN—VXS : Relative A/C - pum in_ il along X— axi s in moving  tm ,Orni i u l a t e
system

VE—VYS Relative A/c speed along Y—Axis  in moving coordinate
systems -

Then , -

XRTPP = Øpp - / r m

YR TPP = s~~P -)n o~ . Cos Øci

XD IE p cos $ ,z  -

Y D I F  = p sin , n~
VXS -~ P cos $s

= Vs sizi *s

XS J’(VN —n _ x s ) ~~i

~s = J° (VE -VYS) d t

TKP TAN - -

‘s VN — VXS

GSP = V ( V E  -VYS )
2 

+ (~q4

XDIST = XRTPP + XDIF  —XS

- 

= XPTPP + XDIF +,f’ (VXS _ V N ) d t

SIZE CODE DENT NO. NUMBER j FLV

A J 30782 ~2 t 4 r i 4 7 _ I , n r 5 ’ ]

SCALE ( SHEET I i  OF
,oP,-l num r In  i i

1 — : i . i :~
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r —

~~

---- ------- —--- —
.

YD I S T  = YI,’TI’I’ + YOrE — Y s

= YR TP P + YD I F  + f (v v s  — V E ) d t

1 2DIST ‘~‘(XDI ST)  + (YDrST )~

TAN~~ (YDFST)

TTG = DIST/GSP

TK EP = TKP —

Summary of NP ! m i s s i o n  operations —

1. Set ‘ I’1t SSZ O >M STAR T ’ n - W i  t e l l  to  i IA p os i  t i OZ l  in  0.11 m,md,-

2. Enter the a - n i  i laSh- ito ssion lnt ~ rnaranete: -i

a. Storm — [ l i - c - I ai rm h n i l  r n - n - n i - i n
b. Azimuth  ang in-  oIiJ 9 1 m b  :atio of re—entry vehicle
c. True a i r  i r [ n i - n - n  (a. nilah in - for  both posit In,liS of ‘ t - 4 i S S I i n t -~

START’ S W)  t u S i

3. Set ‘MISSION START ’ sw- n t cb i  to OFF position and insert adc-quate track
leg for normal I T N — A l  opera t ions .

4. Set ‘MISSiON SIAII i ‘ swi tch to ON position a second time at th0 in slab n t
the r e e n t r , v eh i c l e a r r i v e s  ~~t the p ierce [ n . m  l ot .

5. Eint or i mI ~ 0i l o w i n g  da ta

a. P ier c n -  [ - m i n t  latitude/li n mj j  tude
h . I ’ ier c , -  p o i n t  al l : tt ide
c. First desired sampling altitude

I . t G n n n thc  INSERT l- l l tm - h i l h n t t o n  is pushed to enter the fir— t des i red  s ar r ; - l  n l r m i

altitude , thin -- h i sp i a ’n i - rJ va lues  on Cl iP , DTG , TiC, D SRTK and TKE arc the
necessary sti - e r i n~~n commands lor the mission r1-erations .

. .  Start sarmplin m i whe n the ALERT li ght illuminates 1 minut e  time t m n  go

prior t m )  reacilinn) the point .

n . During t h o  pcrir .-~l of changing altitude . se’ disp lay s - l - n : t n m r  s w i t c h >  t i >
DI S/TInME and oi,serve relative position of airp lane to next sampling p0:01 -

4 . When the rim issir ln airp lane enters  the tangent p la ne wher e the samp lin g
m -oll be pc-rformi-d, i ns -rt the first two digits of desired altitud,-
j i m  unit 1000 f e e t .

SIZE CODE IDENT NO. 
~ 
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DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADM INISTRATION

i~ 0 Risel- In m0 ~il 
I i . ,

Toto rh u r . - Ai~~ ort
Teterbor o , 1~ew Jersey

07608

February 19, 197~

Ni- . C.  Ci-n_ ll ian
c/o Pleasexit Acres (Schaff)
Church Street Extended
Chincoteague , Virginia 23336

Dear Mr. Cu.llian: -

Attached ie the Citation f i l e .  Please attach the original l e t t e r
from Mr. Clarence D. Fields regarding the f l ight check to the approved
Form 337 dated June 2L~, 19Th.

Sincerely,

,-1
/ 4 ~~~r/ Principal Maintenance Inspector

Enclosures

l ) I— ~~. 2

-t 

:1’ 
- ~~~~~~~~
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- 

- - 

~~
- -



October 31 ,  1973 GENERA L AVIATION DISTRICT OFFICE
O n t a r i o  I nt e r n a t i on a l  A i r p o r t
O n tario , Californ ia 91761

O P E R A T I O N  LI M I~r A T I ONS
RE STR IcTED-JuL-rIPLE

M A R E :  Cessna  Rl ~GIST flAT ION N O :  N 511CC
M o d e l :  500 Serial  N O :  500—001

WEAT h ER C C ’NI tm R OL

The a i r c r af t  i d e n t i f i e d  above  has been c e r t i f i c a t e d  under the
p r o v i s i o n s  of Part 21. 187 of the Federa l  A v i a t i o n  Regu l a t ions
for the sp ecial purpose(s) as indicated .

1. This aircra ft shall not be operated in any manner which will
endanger public life or property .

~ - I .All flig hts shall be conducted in accordance with part 91.39
of’ the Federal Aviation Regulations , except as noted herein .

3. Co nvers ion f rom one ca tegory  to  the other shall be performed by
or under the s u p e r v i s i o n  of a properly certificated mechanic
or in accordance wit h FAA approved in structions , as appropriate .

l~ . A log book e n t r y  shal l  he made by a certificated mechanic for
each co nve r s ion  f r o m  one c a t ego ry  to the  o ther , or recorded
in acco rdance  w i t h  FAA appr oved I n s t r u c t i o n s , as app r o p r i a t e.

7. Whe n o p e r a t i n g  un der  these  l i m i t a t i o n s  the word “R ESTR ICTED ”
In l e t t e r s  at  leas t  2”  h i gh sha l l  be made v i s i b l e  from each side
of the  ai r c r a f t  near  the cab in  doo r s .

6. Fl igh t  crews s h a l l  be thoroughly brieled on special flight
operations a rid duties .

7. These limitations are issued in conjunction with and in
addit ion to the Special  A i r w o r t h i n e s s  C e r t i f i c a t e
FAA Form 8130 .7,  dated ~ O ’-3Z—73

M . STOUT
Genera l  A v i a t i o n  Main tenance  Inspec to r

cc :  F i l e
A A C- 2 50 —

Reading
MS

MS ; mbp

~1

-~~~ - ~~~~~~~~~~~~~ ~~
--—— •.-.-,i_ . - - -—---i- tm—-- — n - - --- - --—.— - mm, —. 

~~~~~~~ 
— 

--



- -  I - - ‘ -
~~~~

-
~ ~~~~ 

- 1 - - -.r ( - I ~~~~-~~~~~~~~~~~~~~~~~~~~~~ . * I . t m

f LU IRaL  - m ’  m .  -N , m ~~ t .- . - 

- 

, 
) m~~ - m .  I

MAJOR REPA IR AND ALTERATION - - —

- 
(Air f rame , Pow erp lant , Prop ell er , or A pp l iance )

~~n - i  }4 l  I I i t I N s  m . t  m s ~ s e a l l  ( e I S m -  51 - rAI L , - - , . I 4 m i  4 !  ‘ l , I m _ m
~ 

II. a t m m i  A l  4 ’  i -_  n t  ‘ . m  - S C  m, r f l m r , - m , S , o t m  h r r e s , l m

- I - - - m ) - I I~ m m u l l t O I m r S  - - I In 
— —  — — ______________________________________________________________________________________

MODEL
— :i~I A m I I L R A I  S n - 4  Si NO 
- —  

N A l i O l - 4 A I i N  A N D  REGISTRATiON MARK 
—

NA ME Aj ,h ~ m of m e ~~ - •-~ m~~ A D D R E S S  A! ihow,t on IegI.frollo.l esrirAco!. )

1 U~~~NI t  IC 1.1 l-u. m n . n ‘n m  r m t . .  • ( i~ fle x ~~0
Cr’ . Ti - ~~~ - 

-
~~ ~~~~~ + 

~~- 
i Uk  FAA L I  ONlY

300 hr.. - s - I L  -,

- - — - - 4 I I ~ 1 m t - ( I I I U S  — — s TY P I

un mf ~u,r - I ~~~~~~~ I lP a m i
- - - - I — - — - - a t l -n .m,u

# #-ee# ### # # # A ##mg A m  c k , c m  l~- . n t  fen t I ohom e)##.#.4-. -.-..#...#.~~4##

W~ ~Pi n - N I

- — - - —-t- —

PR OPEL L E R  
-

— T , ,t

APPUANCE 
~~~~~~~~~~~~~~~~~~

— - 

- __ _ _ _  _ _ _ _

6 (O NF OR MITY S 1A i E MEWI
A A GENC C S NAME AND ADDRESS B ILOD OF AL, r. NCY C CE RTIFICATE NO

~ I ~~~ 
- - 1~~ ~~~ - l -r 

- - u s c r , I r C , , L m -  ur - -em,  c 
— i

-~ _ - - t r - o  ,‘,tr  — r ’er t m - l i - N  Cl , m r m n r . , ; ,  S~ F . C N m .

AT I cm ‘ f l  I i  I 4

~ ~12
_ ~‘ ~ J 1 m  an

I I , r r r m I ~ t h a t  F m, pan  r m m ]  or , i m e r a m m n i m  i n ,  , h t  u n- I N )  0 m m m l  I - - ) m l ,  Ilc- m m m I h o c  and des,rmbed ~,n ,!m, rne rse  m i

£ m  .oh,,tenme her et o  h a n - -  h e t - m n m l m Ie  m n . e ,mn i . ,f l ce ,em fli the r u . i u m t l m u t m  t m .  ml Pasi -N - I  I n - I S I ,- . , r r a n  4 m m a t m . . n  H, -n i,

‘ml th at  the n : m l m m r n m a f m - . , t u r nmshe - i h e re it ,  mc t rue  at , ,] ( (Str ict  ~~ the imei m m l !  0 i LI

DA T E 
m 
5i0N~~~m~~~ OF A L n T r F O + L 2 L  I) m ci l,m i S  DUAL

f i r  I - 7 < 
- -

~~~
_—

~~~
-- _ -__  ._~~~~~~ 11 11 L -- m 

______• / A P P R O V A L  FOR RETURN TO SE RViLE

i - - — S . - . m  m u  t ilt m m b m r r m t m  A n s I - m n  i m - m m  n t s l m _ .m r I u , i  0 t h - I  ih ,  uni t - I , n  m l  ,~~ ‘t e rn  m ; n - I r - . i In lb, m m - t m - m e  I r - r ~~~~~— II I bt -
it A - , ~~ - - ~~~,m . - r 1 th e  Ec -t i m -ra l . c , m a m m  S m i  m m m m m m m m t m . r t n . m l m  an,] -‘ - iI]4m S I I )  S t  n i l  i i )

-~~ — —- --- - — 1 —   Ni~~r 5 - 
— -~~ 

- m Aj  P 0 STANDARDS 
~~~~~~ tC ~ I R S  - I mNspp cTm oam .. t m r l m n ! n L u t m  

-

nNSP€ Ct OR - -

- — — -  I~ ,, nIaRiuI (tn ) 
—

_____ 1,511 IEPAIR S u I m~ -~ ‘ l I m O ’  Ii INSPRCIOIn

— -  - - --—-----~~
_

~~~~~~~~~~--- - -— - - - ------~~~~~~~~~~~~-
m -
---- - - -

— I - -~ m ,n- R O V A L  OR . C E R T ! - i ( A I E  - IrA NA TfiI- . Ci T AUT~
n n?m m Z l  LI -aDi 1jL~ UAI

- AL IC T Ut D E S n O N A T I ON N m  m -
- 

~~
- - -~~~ -

_______ 
/ ~ ~ ~~~~~~~~~~~~~~ ~~~~ 

;

FAA Fomi 337 7. ~~7 m 
-

1) 1-3 -I 

• ~~~~~~~~~~~~~~ — .TL.. ~~~~~~~~~~ - - ~~

- - -



r 
---- -- --

~~~~~~~~~~~~~~~~~~~~

-- -- - - - ----
~~~ 

-—

~~~~~~~~

- - 

NoTIC c~f LI  i n  i m l  m m t t j  i m u l u t i n  o or ope lcmt i t t ~ l i m i t a t i o n  changes sh all ~~~~ t - ,m t i - ;  m i  itt )mttm approprsuie a i r c r a f t  re-co ld
A n  ul 15- m l ?  mon m t - m n  it be compat i b l e wi t Im a l l  t i m  c - o n  005 Ct) t~ - a t m  m m l i  I in n assure coitti n ued conformi ty wi th  the

~~~~ t p ) n I n m  o t m l m  o i t  worthiness I t q u m i m m t i s m m t f s

B. DESCRIPIION 01 WORK ACCOMP LISHED (I f more space is r e m F m i m r e m i . a t tach add i t i on a l  sheets. Identif y wi th  air-

c r a f t  na t iona l i t y and reg is t r at ion  mark and date work comp leted.)

Folio-gir ic A l t e r at i on  nerfor ra cil on Ce -s r i - i CitatIon 2/-: ‘2)3— lOll  Ci~~1t • ~~~ Cn m l l r I: i-in
,lune 2/, , 1974.

“em ove mt Ce I . Cr  CO O I n of mm : ,-) m~~~: L e n o I- Ct Ti r ; -. m i ; S C i N s  101 ) 04 C ~ . ~ ‘ Y iJ m .  5 ‘). Ins t a l I
ed halo cnri ’ -~r i- -oont cent i ’i-  sec t ion  -if t~n - m ° i L r n e n C I i m r L  by r Im e  ~I t -  c~- i on
lnS t h J l l e i f  .-te r o -~~,’r ,oui --ic f .- i i r l n m s r  (2 )  over corr n r i  ~~~~~~~~~~~~ shown in acc’-irn m n r i n -- 1mh ~~t ~~—

rra ph r-i i~ ) ,  8 hj r - h + r - r rc ’j l e  l I t f i C T I m ° 2 } -  m l  + -t

Ac cns - o - i r i ’r i r- n’ cie r- - r.- \ O A 1 I C n -  101 , I m i C .  e f l V t I I m . m C r l ! 1 2  Afl~~1y0i9  ve r i f le a  st ru c turA l
integri ty  of r ie — ~ cc- i ? e r  - N - m r n ’  i cr  t o T  2~ Q ~~~. s .i. ci j f f ~~~ er t j i~~•

Thio ~od t f i co 4 
~,on n cco mal i a l i em l  um ~in1’ Cessna C it a t i o n  n -- m - )r a ;p~~ n s a l s  and AC h~~.l~ — l

and _;: 
~~~ C i t  i c c .

Also in~t~ lled IFol o camr er i  cont rol unIt in lo I n  reAr i i 0 0 0 n m -r r  r n m - rtoiel2 , iifl Co ~~t

rails  —it  C u o e i o r-e ~t -toj on -

~ei Ch t -  ~r i-~ Pa lance m i C t O i 1 .1101 correc t .

Att  Ichoni iro: 2 fih~
mm i,n

~~~~ tt~ 
f l It  “mc.: 

~L ,  I mO 
C~~~~ )~~~m 1i •~l-

m
m5 I V 3 i C I l  O CW C O r n t  j ~ 2

1 - : - - :
Thi s m r- CLr . f~ was I S SL L C J  a TO it Li i i e  ~~~

i--
~ r . : - :,~~~~~- ; . - ‘ F- I - ( l , - - m j t e  m r  m. U ~~, ( , i t U i I i , 1973 .

The i nst a l l a t i o n  descr iboc in iCon 8 Fonn 3~ 7 - a l l  Jwi- - It,,  1971. is aadec enuUp: :nonC
tc provide data co conjun ction -4ith equ.o p r:. - - i m T  Im T 0 V 1~~ U C i l  installed and approved for
weather gathering da t a .

COT1I-D fl I.tC ITiSp0Ct~~Cfl was accomp lished co J u c .  I ).~, 197 1 n I I I  aec. rm :a i cr . -  sr tU  FAR t,~ .7.
Data for th i s  added e-j u c  ia c-r~L is aJ3 rcmv -U-Ci C - n  U flOu t f l i gh t o -  i i i  the rr - s T r 1 0 0 c - u
catego ry - m f l m y .

See a~ Cad -cu fi  L g1I L check u tat ement o~ - - . m . m t  - : f l U t .- I - i C L  • 
- 

~~1

A ;- : - r : - - 10 -1 l i m f i j i  :(ol 
/

f c m  I r ~~E m . m - f 1 ~nC
n’~ ~~~~ m j ~J~ m _ I

-
- ‘ t m I - ’T ,

- Jn tm m C m l T m m r 4 A l  SmO—I. {Ci~ AR E ,u ur. ‘-i ED

~~~~~~~~~ ‘~~~~- - - ‘~~~ n- ~~~~~~~~~~ - - .~~~~~~ _ c—-_
~~~~

-- __ —‘-- — —e - - , - m ~~~~~~. r n  -
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1. INTRODUCTION

This documen t reports on the progress  made under

Con trac t  DNA O0 1 - 7 5 - C - 0040 and modification P0000 1 for the

period from 1 A pril 1975 through ~1 May 1975.

MRI is supporting DNA and AFCRL in HEART , SAMS ,

and FLAME h y droine teor sampling pro grams at Wallops is land ,

Virg inia. This support includes an MRI instrumented and operated

Cessna Citation samp ling a i rcraf t  leased for  the six month test

period 16 Novembe r 1974 through 15 May 1975. The instrurnen-

tation includes an INS leased from Litton Aero Products and modified

specif ically for  HEART sampling missions. MRI is also responsibl e

fo r leasing and modif ying the INS used in the P- 3A support a i rcraf t

based at Jacksonville , Florida.

This report  discusses the progress  of the Citation lease ,

the INS lease and modification , Citation flight times , flight crew

recrui t ing, t ransporta tion , accommodations , and coo rdination

activi ties.

2. EXTENSION OF TEST OPERATIONS AT WALLOPS ISLAND

On 26 March  l~~75 , MRI received a TWX from DNA

exten din g the HEART program to allow missile DW8 to be launched

through suitable weather .  The new program cutoff date was extended

to 30 April 1975 and any additional cost requirements generated by

th is  request were to be fo rwarded to DNA as soon as these costs

( :(~‘~id be determined.

The TWX and the request for additional fun ding by MRI

a~ c included in A ppendix A .

S
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3. PROGRESS IN PRINCIPAL TASK A REAS

3.1 Lease Citation N 5 1ICC

3. 1. 1 Lease Agreement

The lease was negotiated with Alpine Aircraft  Charters ,
Inc., Denver , Colorado , and guarantees exclusive use of Cessna
Citation N5 I1 CC beginning on 16 November 1974 and terminating
on 15 April 1975 . An option to extend the lease was included to
allow for the possible extension of test operations beyond the
previously scheduled termination date of 31 March 1975. This
option has been exercised by DNA for a one month period.

3. 1. 2 Maintenance and Repair of Aircraft Systems

Alpine Aircraft Charters, Inc. is maintaining the aircraft,

avionics, engines, and subsystems and performing all routine
maintenance inspections as per the lease agreement. Maintenance
work perfo rmed on the aircraft is being sch eduled so as not to
impact test operations.

3. 1.3 Copilot/Crew Chief Support

in accordance with the lease agreement, Alpine Aircraft
Charters, Inc. is providing a full- time copilot/crew chief to support

all operations during the lease period .

3. 1.4 Insurance Coverage

Insurance coverage is being provided by Alpine Aircraft
Charters , Inc. and the cost is included in the lease price of the
aircraft. The insurance coverage is in the following amounts :

a. Aircraft 1-lull Insurance - full coverage

b. Bodily Injury, other than passenger liability - $2~ . , 000

1—4. 5
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c. Property Damage - $500, 000 per accident

d. Passenger Liability - $100, 000.

The certificate of insurance was included in the

previous report.

3. 1. 5 Aircraft Flying Time

The lease provides for unlimited usage of the a i r c r a f t

during the period of the agreement.

3 .1 .6  Acceptanc e of Citation Aircraft  by Alpine Aircraf t
Charters, Inc.

In accordance with paragraph 4 of the Aircraf t  Lease ,

on May 4, 1975, a representative from Alpine Aircraft Charters,

Inc . , inspected the Citation aircraft at the MRI modification facility

at Cabl e Airport , Upland , California , to determine if all provisions

had been met in returning the aircraft to its original condition

following decommissioning. The aircraft  was accepted as meeting

contract requirements and was scheduled to be fer r ied  to Denver.

At the request of Alpine Aircraf t  Charters , Inc . ,  the Citation was

ferr ied to Sacramento, California , for required maintenance by the

Cessna factory maintenance center there, and then flown to Denver .

i he  c ontract was charged only for the equivalent Los Angeles to

Denver fli ght time as noted in the Appendix.

~~. 2 Coordination of Field Operations

The MRI program manager is maintaining close contact

w~~~ ~~~~ and other government agencies to assure full coordination

of -~11 aircraft operations.

1- 1.6
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3. 3 Administer Citation Lease

The MRI program manager is maintaining close contact

with Alpine Aircraf t  Charters, Inc., to assure all lease provisions

are being accomplished and all necessary maintenance is performed

on the aircraft.  Invoices are examined and flight time charges are

verified with any conflicting items being resolved .

3. 4 Lease Litton LTN-5 1 Inertial Navigation System for
Cessna Citation and P-3A Aircraft

3.4.1 Lease Agreements

The lease agreements negotiated with Litton Aero

Products provide for Lull-time use of two Litton L T N - 5l  inertial

navigation systems for the entire length of the contract period . A

semi-annual (six months) lease was negotiated due to the cost savings

compared to a five month period on a monthly cost basis. A copy of

the lease was included in the previous report.

3.4.2 Pallet ~As sembly

Two special pallet assemblies equipped with dual

inverters and designed to adopt the Litton LTN-51 installation to

aircraft such as the Citation and P- 3A are included in the lease

and have been in stalled in the aircraft.

3. 4. 3 Emergency Battery

In accordance with the lease agreement, Litton Aero

Products has supplied emergency batter ies de signed to fit the

pallet assemblies which assures continued INS operation in the

event of any temporary electrical power interruption .

I
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3.4.4 Insurance

The leases provide for insurance against all risks or

loss or damage from every cause for full replacement value , as

well a~ public liabil i ty inc luding personal injury and p rope r ty damage.

3. 4. 5 In stallation and Remo val

In accordance with the lease , Litton Aero  Products is

providing field serv ice  support for the complete ins talla t ion , checkou t ,

and removal of the INS from the aircraft.

3. 4. 6 Return of INS Units to Litton

On May 1, 1975 , the LTN-5 1 inertial navigation system ,

including the INU , CDU , MSU, battery, and pallet assembly, was

removed from the Citation aircraft  at Cable Airport  in Upland ,

California. The following day, May 2 , 1975 , it was delivered to

Litton Aero Products in Woodland Hills , California, thus terminatin g

the leas e agreement and the insurance contract.

Litton field service removed the inertial navi gation

system from the Navy P-3 aircraft  in Denver , Colo rado , on 4 and 5

April  1975.

Both inertial navigation systems were in good condition

when received at Litton ’s factory and letters to this effect are

included in Appendix B with the cer t i f ica tes  of insurance.

3. 5 Administer INS Lease

An MRI program manager is administering the provi-

s~~ns of the lease agreements, reviewing all invoices and resolving

ar i ~ conflicting items.



S

3. 6 Citation Crew Support for HEART and FLAME Programs

3. 6. 1 Complete Consulting Agreement

A consulting agreement has been negotiated and a Citation

rated aircraft captain will be available to support all HEART and

FLAME operations , associated meetings, briefings , and alerts

throughout the deployment period at Wallop s Flight Center.

3. 6. 2 Relocate Crew

The MRI Citation support crew, consisting of an aircraft

captain, copilot/crew chief , and instrument operato r have been

relocated to the vicinity of Wallop s Flight Center and will remain

there for the duration of the program.

3. 6. 3 Availability of MR-I Program Manager and Sensor Technician

The MRI program manager and sensor service technician

are available on an “as needed” basis. The program manager is

monitoring the foLlowing:

a. Activities of the crew

b. Status of the Citation aircraft and its instrurnen-

tation package

c. Procuring and shipping consummable and crew

support items as they are needed

d. Arranging the replacement of crew members as

the need arises

e. Closely monitoring the packaging, shipment, and

receipt of data

f .  Handling customer ’s requests for unspecified

services as the need arises.

1-1 .9
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3. 6.4 Log is t ic  Support

All con surnmable supplies , spare parts , and maintenanc e

kits required to operate the Citation aircraft  and its sensor package

have been procured and shipped to Wallops Flight Center to be used

as needed throughout the program. An MRI program manager is in

daily contact with the support crew and any needed supplies or spare

parts are shipped as soon as possible. In this way, the a irc ra f t  and

any part of the sensing package is available for program support in

a 100 percent ready condition almost constantl y.

3. 6. 5 Supply Foil Replicato r and Portable Instrument Package

One foil replicator , MRI Mo del 1220A , and one MRI

portable instrument have been provided for the duration of the program.

3. 6. 6 Citation Flight Hour Summary and Flight A pprovals

Appendix C contains a summary of the Citation flight

hours  and the individual who authorized each par t icular  fli ght

~I -u r ing  this reporting period .

4. DATA ANALYSIS FOR HEART, FLAME, ~~ND SAMS

Flight Operations

Flight operations supported by the MRI Citation during

t~~c p~.r~~d between 1 January and 30 April  1975 are listed in the

below.

r
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MRI CITATION FLIGHT OPERA TIONS

No. of Quick Look Preliminary Final Mission
Date Missiles Report Data Summary Data Summa ry

( 1975J Operation Fired Issued Issued Issued Status

1-9 SAI~S 2 1-9 N/A 4-4 Complete
1-20 HEART 1 1-24 2 -74  Note 3 Pending info.
2-4 FLAME 1 2-4 N/A N / A  Complete
3-5 HEART 0 N/A N/A Note 2 Pending info.
3-7 SAMS 1 3-8 N/A 5/16 Complete
4-10 Navajo/Cit. 0 4-14 N / A  Note 3 In progress
4-15 SAMS 1 4-15 N/A Note 4 In progress
4-25 R.adar/Navajo/

Cit. Correl. 0 N/A N/A Note 3 In progress
4-28 Radar/Na vajo/

Cit. Correl. 0 N/A N / A  Note 3 In progress

Note 1: Awaiting final decision from AFCRL on fina l data format.

te 2: Formvar photographs have been prepared for comparison
with holograms. Presently awaiting instructions from AFCRL
regarding interfacing with SAt.

Note 3: Processed data will be supplied to Don Tak euchi, MRI , for
input to the TWCI evaluation program. AFCRL tapes will also be
supplied to support radar correlations.

j~ote 4: Preliminary printouts of the data were supplied to A. Barnes ,
AFCRL, on May 8, 1975. A formal report is now being prepared.

4. 2 Data Deliverables

• Reports issued to AFCRL for the SAMS operations on

Januar- 9, March 7, and April 15 and for correlation flights on

April 2~ and April 28 require a di gital tape to be prepared as a

deliverable. The original format for the tape provided six second

averages of the measured and calculated parameters, but as of May 5,

- 
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the AFCRL requirement has been respecified to be I second avera ges

for all runs.

Since this notification, the MR-I software has been
mod~.fj ed accordingly and the six second tapes prepared for January 9

and March 7 have been rep laced by one second tapes. All futur e
dig ital tapes will pro vi de 1 second data.

4. 3 Request for T ransfer of Imanco Funds

As stated in MRI R€port 75R-1337 , the image equipment
has not been of sufficient value to warrant its use for analysis  of the
replicator data . As a consequence , a letter dated I May 1975 was
sent by MR-I to Captain Huston, DNA , requesting that the below lin e
Imanco fimds be transferred to labor dollars to allow MM cloud

physicists to interpret the crystal replicas for all flights including
Navajo/TWCI/Radar  correlation flights which involved the use of the
Citation aircraft. A copy of the letter is included in A ppendix D.

5. ACTIVITIES DURING THE ~ F XT REP OR TING PERIOD

MRI will continue to reduce and analyze data acquicc~
during aircraft sampling missions flown f rom Wallops Fli ght Cen te r

and be responsive to any additional requests b y A F C RI .  in r e la t ion

to these a c t i v i t i e s .

S
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DNA REQUEST FOR HEART EXTENSION
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APPENDIX B

LITTON INS CERTIFICATE OF COMPLETION
AND INSURANCE DOCUMENTS
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[19 AERO PRODUCTS - , . .  S~~~~~~~~~~~~~~~~~~~~~~~
,

Litt n

— 3 J u ne 1 ~75
I t .  t a p ly  lea -. r e le ren ce :

t’t1t~1 7~~— O u — 1 U 4U

Meterology Research , Inc .
.t~4 14 - t Woodbui~’ Road
Box ( C’
Alt adert t , Calitozin a 91O~~1

Attention : Dr. Bob Davey

Subject: Purchase Order 45440—744, Cert ilicale
of Complet i on

Gentlemen :

The following LTN-5l Inertial Navigation Equipment was leased
under the subject Purchase Order from 1 December 1974 through
4 .-\ p iil I ) 7 :

One ea. Inertial Navigation Unit , P/N (03450
One ea. Control Display Unit , P/N 563551)
One ea. Mode Selector Unit , P/N 663570
One ea. Battery Unit , P/N 500012—UI
One ea. Pallet Assembly, P/N 451835-01

This is to certify that the subject Purchase Order is complete
and that all of the above listed equipment has been returned
to Litton in good condrtjon , as of 5 April lJ 5.

Enclosed is the Certificate of Insurance wht h verifies that~
t he equ ipment was covered for the period al the lease.

Fie ld Engineering services wete performed on 4 and 5 April
1975 , to remove the equipment from the Navy P3 aircraft in
Denver , Colorado .

It  we can be of additional servi e to you , p Iea~ e contact me
at (2 1 3)  887—3146.

• . Very truly yours ,

• LITTON SYSTEMS, INC .
\ero Products Division

- 

/

1 ) 

~~~~/f~~~~ ~~~~~~~~
~:a r u ~~ o 5~assey
Contract Adm inistrator

MM: dxn
En c I ns u re s :  C e r t i f i c a t e  of ln su r . t n : e
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THIS U ’ I Ll CERTIFY that LITFON I N I ) l .’STRIES , INC. h as adopted a plan known as
‘l UF . 1 urr ’ )N SELF JNS I ’RANCE PLAN for i i -  protect ion of its subsidiaries and divisions against

all e~ . of ph ysical I c c  t -  r eal  and personal ~~~~ ~. sub 1ect to a limit of $500,000 for any one loac

or ocr irrence

The protection provided is subject to the terms and conditions contained in the descri pti on of THE
LITTo N SELF I N SU R A N CE  PLAN wh ,ch m c !  . but is not limited i the perils of tire , lig h tn ing,

wind and hail exp losi’ n . j irciaft . vehicle , smoke , i i , civil commotion , vandalism, malicious mischief ,

flood . s~atei daitiai)e , burg lar y , theft , t ransi t  risks a, 1 1aerils of the seas as defined in —

a )  Ame n an Inst itute Time Hul l  Forij i ‘J anu ary 1 , 1964 )
b American Institute Lake Time Hull  I “rm (March 1, 1961

I American In s t i t u te  Tim e Hull  Deduc t ie Average Clause ( November I , 1964 )
d)  Collision Clause , including Towers ai,d Extended Towers Liability En dors emen t

THE I i1TON SELF IN SURANCE PLAN includes cover;age of the property specifically described a

the lease or the agreement between —

AERO PRODUCTS DIVISION
Li t ton Systems , Inc .

and
Meteorology Research Lab
P. 0. Box 637
Al tadena, California 91001

I)e scni ption of Property

I - L T7 ’J -SJ  Inertial  Navigat ion System
1 - Bat tery Unit  - P/N 500012-01
1 — Pallet Assembly — P/N 451835—01

wit h 36-foot cables.

Lease Per iod:  12-1-74 to 4-30—75

If the above property should be deleted from c ose , . m n’  under THE LITTON SELF INS t  R A N ( E

PLAN. ten (10! days written notice of such deletion d il l  be sent to the above address.

LITTON INDU STRIE S, INC .
m h Cre s ’ ’ ,  Dns ,‘ 9ev enl ~ Hi l l , ,  Cali lorn - . ~1) .~ 0

Date____________________ 2 ~~~Director of l~ an t e

C
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W AERO PRODUCTS ~‘ , , t t t , - - m , , - , .~~~ I t - 1 0 ’  V ” ’ ’ ’
Litton

3 ‘ n t i s ’  l~ 5
I n  ep ly  p le.sse r c - i  c l a n  5 :

‘l I- i ~l 7 T , — ( t c , . - 1 0 4 5

~‘) ~ t~ ’r  i m l o g y  ke~~, , s t  , h , In c .

~~~ N a - s t  W o od b ury  Road
Box m> 37
Altadena , (,,~1 i l o y m n o  91001

A t t e n t i o n :  D r .  Bob Davey

S u b j e c t :  P .O. 43389-744 , C e r t i f i c a t e  of Complet ion

Gen t l emen:

The following I TN-Si Inertial Navigation Equi pm en t  was leased under the
sub jec t F u r ,, h , --.e Order  from s/ t [/74 t h r o u g h  I M ay  I ) 7 ~~:

One (I) c-a. inertial Navigation Unit , 1’/N t o 34 3 0
2 One (1) ea. Control Display Unit , P/N u n 3 S S u

One (1) ea. Mode Selector Unit , P/N 663570
One (I) ea. Battery Unit , P/N 500012-01
One ( I )  ea. Pallet Assembly & Cables , P/N 452664—02

This is to certify that the subjec t Purchase Order is complete and
that all of the above listed equ i pment has been returned to Litton
in good condition , as of 2 May 1)7’).

Enclosed is the Certificate of Insurance which verifies that the
equipment was covered for the 1meriod of the lea,c.

If w e  ‘ an be ul additional s erv i s- to you , please m ontact me at
(.,i 3) ,30 — 3 1- -io.

V e r y  t r u l y y o u r s ,

L :r ll ’% SYSTEMS, Ir\C.
A c - m o  P r o d u c t s  D i v i s i o f l

- m -
I ‘

‘~ , ( !- ~~~L ,. . ~ ‘aJ ’,, ’ ‘/

~l a r j r i~’ ~lass niy
i t r a c i  Ad in ini~~t r a t o r

MI ’! : d i n
E r ,  1~~~- u r s :  I e r  S i t , ,  it s of 1 m , — .i , , , m m , ’
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T H I S IS TO) CERTIFY thmi t LITTON INDU STRIES , I N O :  has adopted a p lant known as

‘t H E I I  IN N SEI .F IN SI ’RAN (:E  I’I AN for t Ire I rotect ion mi f its su bsid iaries and divisions against
all  ~~~ 0f ph y sic _ mi loss to re’.m l .irid pers imn al prope r - Is - sub j ect to a lmna i t  of $500,000 for any one loss
sr , ,cc u i rermce
I lma - p rot m -crio n pi mw’i ded is subject to the terirt s ar i d  ‘onditions ro tu ta mn ed in the description of ‘CUE
LI VI’ON SELF IN St ’RAN(:E PI, AN which inc i i t d r  . but r s not l i r r , i t e d to the perils of fire , lig h tn ing ,
wind am i d  h a ’) , ex j m los iorm , a i rc m sf t , vehicle , situ oke , r umt  - civil c , m m nm , n o tm m , n , vand alism , malicious mischief ,
flood , sara r , !a r , , am ~e , h , ,r ~ I.sr v , thef t , t ra n si t  ri sks a i d  perils of the seas a’ defined in -—

a Amei m aim InS t i tU te  Time h u ll Fmmni n J am iu ary  I , ‘114

b A m e r ,  . m r, I,msiir ute take Time H0!l l om, March  I , ISO -
( r )  An , em -j can Ii s r i r , , i , ’  Time H u l l  l’)C I U (  ‘ , l I ~’ Average  ( ‘ I ammsm’  (N mu v emb er  I , 19 64
(d)  Collision Clause , inclu ding Tower, air d Extended Towers Liability Endorsement ,

THE LITTON SELF iNSURANCE PLAN includes coverage of the prop erty specificall y described in
the lease or the agreement between —

AEI~~ PRO~~JCTS DIV IS ION
Litton Systems , Inc.

and

Meteorology Research, Inc.
P. 0. Box 637
Altadana, California 91001

E)escr i pt ion of Property

Leased LTN-51, Battery Unit and Pallet Assembly.

Coverage from 5/31/74 to 5/1/75.

I~~: P. 0. No. 43389-744

If the above property should be deleted from coverage under THE LITTON SELF I N S U R ANC E
PLAN , ten ( 10 )  da~~ w ritten notice of such deletion shal l  be sent to the above address-

,

- 
LITTON INDUSTRIES , iNC.
3 , sir C ,” ,  ~~r fl ‘,~~ fle~’erI ’- Hi Il , , C,uI i f rw. i 9~~ t ’

[)are~~~~ !~~~
mb

~~~ 
18, 1974 t2m.~’ 

Oi~~~~~~ f 1 ur a r r

5’.
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APPENDIX C

DOCUMENTATION OF CITATION FLIGHTS
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DOCUMENTATION OF CITATION FLIGHTS

GMT Fl ight
Departure Flight Operation Flight Time

Date Time No. Supported Authorization ~h r s )

4-2 1950 M-003 Holocamcra R. Cunningham 1 .0

4- 10 1424 C-001 Correlation & V. Plank 2. 7
Calibration with
Navajo

4-15 1324 S-006 SAMS V. Plank 2 .6

4- 24 1535 C-002 Instrument C. Cullian 1. 3
Check Flight

4-25 1706 C-003 C-130 Calibra- R. Cunningham 1.5
tion Flight

4-28 1810 C-004 C-130/Navajo R. Cunningham 1. 3
Calibration Flight

4-30 1425 N/A Ferry Flight C. Cullian 7 . 3

5 — !  1445 N / A  Ferry Flight C. Cull ian 2 .7

5-10 2015 N / A  Ferry  Flight C. Cullian Z . 7~

Equivalent ferry time required by contract to ferry aircraft from
Cable Airport  to Denver.

o ( ‘1-1 .2  
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May 1 1975

Captain Robert Httston/SPA S
Headquarters
Defense Nuclear Agency
Wauhingron, D. C. 20305

Re: Contract D~TA O0l-75-C-0040-P000l

Dear Captain }Iustoa:

It is requested that a modification be issued to perm it the transfer
of $10,780 from the Fitced U sa~’e charge portion to the Cost and Fee
portion of the referenced contract.

This transfer of funds does not require a change in the total contrac t
funds (see the attached schedule).

The reasons for this request are as follows:

1) The total nui~ber of Wallop ’s m iscu e operations floim
were less than or i~inal1y plann2d , thereby leaving unusedCitation 1~ircrafc 2 li~ht funds. :-1otooro1o~y ~esearch,
therefore, at the dirCction of !~FCr~L, flew the Citation
Aircraft in support of va~o/T’JCI/Rada’r e.orrelation
experiments.

2) The cloud phys ics and data analyses associated with the
correlation experimz~nts do require additional funds. These
funds arc availab le in the Fixed Use charge portion of the
contract under the Itange Analy~cr ($10, 780). These Imn~ge
Analyzer fund9 are not required because as stated in ~~I
Report 75R-1337 , the image equipment baa not been of suff ic ient
value to warrant use for analysis of the replicator data as H
called for under Task “C” , Item 1.

Your early approval of this request will be appreciated. If you have
questions, please contact me.

Sincerely,

• METEOROLOGY RESEA RCH , INC.

R. D. Wiggins
Vice President Mm. & Finance

5’.

RDW:rshh
sac.
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SUPPLEMENT NO. 2

DATA SUMMARIES

2 — I  Data Summary MRI 75R- 1325 , 4 A pril 1975

2-2 Data Summary MRI 75R- 12 95 , 14 February 1975
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1. INTRODUCTION

This document contains reduced cloud physics data acquired

in suppo rt of the SAMS operation on 9 January 1975. The data have

been reviewed and processed in accordance with the procedures  indi-

cated in the 31 Janua ry le tte r from Dr. Barne s , AFCRL. The lette r

is incl uded in Appendix A for refe rence.

2. MISSION DESCRIPTION

Two TATER vehicles were launched from Wallops Island ,

Virg inia , a t 0300 Z , 9 January 1975 , as part of the SAMS V program.

The Meteorology Research, Inc. (MRI), Citation supported

the test by flying post-launch radar  vectored sampling run s at FL 280

and FL 250. After takeoff ~t 0206 Z, the Cita tion crew obse rved

r easonably uniform, mode ra tely heavy cloud s before launch time .

Howeve r , during the samplin g run s the clouds began to break up and

clear air was encountered during much of the time. By the time the

Citation was in position for a third run at FL 220 , the environment was

vi rtually clear air and the crew was advised by WOCC to re turn to

Wallops Flight Center. The Ci ta tion returned to base at 0410 Z ~u d

down loaded the sensing and data logg ing equi pmen t.

3. EQUIPMENT OPERATION

All sensor systems were ope rational dur ing  the fli ght with n~
appa rent anomalies.

4. REDUCED PARTICLE DATA

Reduced particle count data from the Citation fli ght a re  sh own

in A p~- ndix B.

The data presented are pass averages  of the number  densi ty

‘S
5
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for melted  cqui  a1 ’nt dianiete rs c ) r re s p o n( i i  n~, to each size ( hanflel  of

the si)&’ctrenh’,’te r probes .  In addition , the pass  a v e r a g es  of the water

, u n t c n t  for  e g o - h  - i z e  channel for the three spec t rometer probes  arc

5 ( 1 1  ft

The tota l ice water content was computed u s i n g  the dei ~~;

table shown in Appendix C. The memorandum included in Appe~~c1ix C

was so~t to Dr.  it. Cunning ham , A F C R L , to con f i rm  v e r b a l  a~~res--

ru t - n t  on c r y s ta l type and the c o r r e s p o n d i n g  s ize-mass  r e l a t i o nsh i ps to

b t -  used in ) r u c t - s s in g  the data .

The la titude  and longitude in te r face  f r o m  the i n e r t ia l  navi-

~ation sys tem was not func t ion ing  dur ing the test  r uns ;  the r e f o r e ,

nomina l  l uca twn  v a lu e s of 30 ’.N  and 70 ’.  W appear  throughout the

p r i nt ou t .

A F C R L  DIGITAL TAPE

The d ata tape accompanying this report  is in the AFCRL

t r m a t , os shown in Appendix D , and provides  average values for

each s ix - s e c o n d  per iod dur ing  the sampling runs.

2 — 1 . 1
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S

LYC (Dr. 8acne., ~—3~b4) 31 Jainu*r y 1975

Lttation/Si$S bats ~.qui red hy ; L’U(L

ti~ SIMSO/L*E (capt }t.arcsyk )

I. Tb. fo1lowth~ inforwetion ~ s; provided for the work .tate~~aL
for the tuu contract , con~eruing the data to be pr.vidsd to FC~L
fro. the Citation for SPMS V isiasione.

a. E’t3.L. need. the following:

~l) in real ti~ue while the Citation is making maasur.~~ot
passe . shortly before or altar the mission.

(a) It  leant two tine ch*ck. (G~(T time) during flibht
along with d.viatiou from ~~CC t ins if any .

(b) Time, with rea~&rke en the westher , on paaatng
points 1. and X , th. beginning and end points of the pass .. .

(C)  ~ttttude 01. the pass. )ressur e altitude wi th
alti meter set to 29.92.

(d) General co~~ient. on the viawally observed weather.

(.) When feasible for each pass, a s.api. count of  F)4S
cheanel.. This wu~~ d be specified by the I FCRL }~i.1d Mtsctor f rem
the ~ )CC and would usually be a vis ual .stiz.ste of the average one
second counts in channelm I and 4 or 2 and S of the pr ecipitat ic ,‘-obe.
This information will be provided on request only.

~~i~~) La ord.t to aid in the preparation of the 48 hour N. ,
the a-FCRL. Field Direc tor needs by 36 hours after the shot the foil

(a) Tine. (~MT) of the beginning sod ending of .acn rut ,

F the pr. asure altitu da of  the run and an indIcated te~~erature and
airspeed .

(b) i ’erttnent cov.~onta on th. observed weather dur ta~
th. f l ight .

(c) if the local “.~ l tsbury computer can be imad , a print—
~~~~ c i t  the averag, parti cle conc.~.’vratton per channel for each FPIS probe

~aveta ga or total ) for each pa.. ~s desir.d . larti cle e o t  per channel
for each pea. could be supplied La liau of the above .

S
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~J )  Th d.~ c.e c f  suc eU~~ ot the oper at ion of •~ ch

c~ajo r icc. ol .qu i~.en t ~iur1 c • . 1k, l L t b h( . i.e., the fl*. pro bes . th•

toll . replicetor end teuipdC$tUI* L.robe. L i  t h.r. was a problem, a

short statement .1 th.. nat ure of th . problem is desired .

~3) Lu the ioo~ .r t i rjc5 scale , it is requested that the trystal

habit percent of  each crystal habit identified per pass be discussed

with / l~C&l. before th. further rocessind of the }~~ data tapes. 
for

this purpose th. totl and replicator data should be examined but no

extensive analysis of the se dat a ar • presently progr~~~~’.

(a) Th. catalog of shadow leagth to mass re lat t onah ipe

that are used in the analysis of the ~~ data shou ld be aupp lisd to ; ?CLL.

~b) fIst crystal type of mix per pals ha .  been agreed

to by ~ FC~U. and MRI the ~ iS raw tap. data should be trau.ietred to a

Kvaj aI sin type tape and this taps sent to i YCRL/LTC to arrive &4LT 34) day.

after mission. Crysta l habit or percent nix used for each pu. should be

inc 1 tided .

(c) .‘ s~~~ ary listing of particl e concentration end LWC

pet peas should be rovid.d similar in format to that in 14K 1 report em

II VMT mission on 25 $arch 1974 . report dated 23 pril 1974.

- ~*)LI) P .  ~J Z 4~~~, Jr. i- cting Chief, Cy to 1*d (Capt ~ . Bousto.)

Convective Cloud Physics Branch *1 (Mr . K. Dsv.y)

Meteorology Laboratory S’JdSO (Mr. J .  lies.)
LV (k-. a. Cunni~~~~~~)
LYC ~Nr. H. Glees)
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APPENDIX C

-~ TECHNICAL MEMORANDUM

Ice crysta l densi ty  rat ios  to be used in Cita tion fli ghts

- on 9 and 20 January  1975
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13 March 1975

Technical Memorandum

To: R. Cunning ham (AFCRL)

From: D. M. Takeuchi ( MILL)

Subject: Ice crystal dens it y rat ios  to be used in C itat ion fli ghts on
9 and 20 January 1975.

As discussed in our phone conversa tion , the Ci ta t ion  PMS measure-
ments take n on 9 and 20 January at Wallops Island will be reduced using
t he size-mass relat ionships for bullet rosettes.

Enclosed is a densi ty  table w h i c h  wW be used for computing mass
for each of the 45 PMS channels,  The factors represent the ratio
between the mass of a particle in a particle size bin to the mass of a
spherical droplet with a diameter equal to the bin size tha t is:

- - Particle Mass
Density Ratio

(Channel Size) 3

Note that a constant densi ty  rat io  is assumed for particles larger
than 200 m l Lr o n s .  This is in contrast to the use of an analytic function
such as that  of 1-leymsficld and Kriollenberg (1) :

mass (gm) = 1. 65 x io~~ (
1en~ th (mm)’

) 
~~~

The d i f f e r e n c e  results from the colde r temperatures experienced
d u r i n g  most C itation sampling  mi s sions .  Clouds in high altitude environ-
zr l( -~~t s  have been found to contain a preponderance of bullet-rosettes.
RC c I - T i f  work b y Heymsfield (2) has shown tha t the constant density ratio
is more Upp ro priate in such cases.

l~ is understood that the data will not be reduced until your written
appr(~”. (signature on Table) is received here at MRL
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IIUF W O R I )
NUM I1IkR PAR -\ M 1- I’ F~R

1 ( ( 1 7 .

2 I D A l E

3 11 IML

4 NSEC

5 lAS ( r n / s e C )

6 PRES (r n b )

7 ALT (krn )

8 T E M P  ( ‘C )

9 ASP Water Content (gm/rn 3)

10 CPS Water Content (t~rn /nC
3)

11 PPS W a t e r  Cont -n t  ( g n i  m i 3 )

12 ASI~ Radar R e f l ( - c t i v i t y  (mm - rii )

13 CPS R a d a r  R e f l e c t i v i t y  (rnrn”/ r n
3 )

14 PPS Radar Reflectivity (mn~~/m
3)

15 ASP Total Counts

16 CPS Total Counts

17 PPS Total  C o u n t s

18 L a t i t u d e  ( D e g )

19 Longi tude  ( D e g )

20 Not Used

21 ASP No . D e ns i t y ( N o /I l l 3)

22 CPS No . D en s i t y ( N o/ r n3)

23 1~PS No . I)e ri - ; i t y (No/rn3)

24 Total W a t e r  ( on t en t  (g m/ r n ~ )

25 Tota l  R a d a r  R e f l e c t i v i t y (rnrn’ /rn3 )

26 Total  Numbe r D en s i t y  ( N o /r n3 )
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I . INTRODUCTION

This document contains reduced cloud physics data acquired

in support  of the HEAR T operation on 20 January  1975.  The data h a v e
not been f ull y analyzed and integrated and si gni f ican t ch anges in ce r t a in
values shoul d be antici pated in f u t u r e  reports based upon a more com-

prehensive anal ys is ,  Of parti cuJ ar significance is the use of florninal

size-mass relationships in the computation of ice water content values.
These relationships may undergo substantial ch anges to reflect the

crysta l  mix determined f rom foil repl icas,  C r y s tal  typ ing is inherent ly
time consuming and , t h e r e f o r e, could not be comp leted soon enough to
be incorporated in this report.

2. DETAILED MISSION DESCRIPTION

2 . 1 Mission Synopsis

An Athena C Vehicle was l aun ched f rom Wal lops  Isl an d ,
Virginia at 2000Z , 2 0 Januar y 1975 , as part  of the DNA HEART
(H ydrorrteteor Erosion and Recession Test) Program .

The MRI Citation supported the test  by conduct ing tw fli ghts
into an elongated storm system situated along the East  Coast  fi- o C , .

Florida to New England and extending more  than 300 miles o f f sh o r l - .

The f i r s t  Citation mission was called to acquire p r e - la u nch

sampling information along a path lying eas- i of N o r f o l k , Vi rg in ia .
This mission was in ter rupted  when the L i t t on  LT N -5 1  Inert ial

Naviga t ion  System on the Citation exper ienced  a complete program
inter rupt .  The Citation re turned direct l y to Wallops Flight Center
and landed at approximately 16 PS i,.

2 — 2 . 1 1
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11w- j L t u f f  i c r  the s o -  oo-1 mi ssion was (lela~~(-d 54 o i i i i u h  -

a c ’ o i i i l  ;r . ~ t i O n  of ~ l~) ! l i e f lt  and personnel p rn ’ ) 1c- l r l ~~. ] F -  C i t s t o . n

a r i - i \ - t - J  ja t an a d i t i s t e d  standb y po in t  at 2012/. and p r ’-  c -O 0 d i i- .- - 4 y

t h e  r I - c - n t ~~ ~ l eg i o n . Sarnp l in ~ r o i i s  w e re  d o l i d U r t I - o  f i n - r n  2 1j ? 2 /  ur n S

-
‘ 10 1 ~i . 1  a l t i t ud e s  I rum Fl’. 3 5~i d-  1w n to FL2 SO . The al i b i $ i - i n of ~~~~~~

\\a- - s l - r l I l 1 s lv  IIOT)aire (l b y anoi ’na lous  p e r f o r m a n c e  of the P4 ‘- ‘Fl F

,~ o r !  ftc- (‘ftai i ni .c e ,-,t of the d c - s i r e d  sampling loca t ion  on all r w s .

-u -  ~~ the  - i l l p l t - t i O f l  of the sa m pling,  the Cil :at ion p r  C I  I ( I C 5

to \ an t uc  I I s l an d . \ l . c s sa chu s e t t s, wh c - r e  it l anded  at 2 ~2 ? -

I coral  p roh l - i n s  w e r e  encoun te r ed  with the  s e n s or -  s y — t e ; i i ~

d n r i n t ~ h e  m i s s i on . T I — c  Fo rmvar  Rep l ica tur  a cq u i red  f l u  d a ta

b t - c a u ;  of i t r an sp o i- t malf unc t i o n .  The o the r  sc -n s c I r  pr ohl u - n . s  did

not n~;1t e i-iall y affe~ t ft ( - dat a acquis i t ion .

—~t op s  h a d -  b e e n  taken to c o r r e c t  all equipment  naL ir c t i ons

and to l o r n i l I c t-  pr e f l igh t p rocedures  to a s su re  p r o per  c ’c-~ n ! . : ~~ . ti c- !i of

C v o w  c~ i ‘:1 1 ~
- - -i i ng the  mis sion countdown.

2 . 2  1- ather  Sur vei l lance  Mission

A w eath v- r s u r v e i l l a n c e  miss ion was  r e q u e st  ~~
- - b y Ii- . 2. ~F - r t

Cunninci am of AFCRL .  -at about I 4 3 0Z . C l e a r a nc e  to ( 0 1  r a t e  in

\1 
~cCfliflI -Vrea V- 3 r~~ - was g iven by Mr .  Wil l iam Lord  and ft e a i r ’  r - I t

Was reaclicO for io-narture. Engines were started at ab ut 1300/..

In r e s p o n s e  to a request from N A S ,-\ p e r s o n n e l . i adio n l r c c  c s

- -  nj j r i t e r :  w -hi ~ e the Citation taxied to the runway. .4omne d i f f i  u ltv

- -:p c-r i - -n - e d  r e a d i n g  ~ a1lop~ Plot i n  6q82 KHZ. Cont inuous  r a n . ~
K )~~~ b c ’  NASA i - a S I c op o i- al -r precluded the t r a n s m i s s i o n  of a

5. 1 earanet- - to the Citation until approximately 1 5 1 5Z .

S
I’.
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After takeoff, the Citation flew east across W— 386 to about

10 , 000 feet , then r e v e r s & - d  course  back tov~a rds  Wal lops  I sland  until

above FL220. The climb wits continued to above FL 300 on an easterl y

heading. During the climb , cloud s vc ere  encountered f r om  2 , 000 feet

until 9 , 000 feet and f rom about FL220 upward . The upper cloud layer

was  relati vel y Spa r se .

After the c-limb , the Citation was instructed to proceed to the

southeast corner  of W386 and then t rack westward.  During the t r ans i t

across W386, the LTN-51 INS experienced a program interrupt which

resulted in the loss of all navi gation data. Since the L T N - 5 I  is the

only source of nverwate r position information , th e Citat ion immed iat ely
returned to Wallops Flight Center . During the descent , clouds were

encountered at all level s from FL340 down to 1 , 000 feet  above the

su rface. The descent was made inbound on the 1200 radial of the

Snow Hill VOR starting approximatel y 50 miles  out.

The Citation landed at about 1630Z and was immediatel y

refueled and readied for the primary sampling mission , then scheduled
for a 1900Z takeoff. Discussions were initiated with personnel from

Litton Aero Products as to the cause of the INS mal function.

sys tem was real igned and several tests were initiated , but the opel- a-
tion appeared entirely normal. The Litton representat ives  were

unabl e to pro vide any reason for the malfunct ion or any sugges t ions

fo r  correct ive action.

L 

At 1710Z , an announcement was made over the hangar  loud-

speakers  th at the launch had been rescheduled for  2030Z . On this

• bas is , the Citation crew members left for lunch at 1720Z with the

u n d er s ta n d i n g  th at they would re turn  at 1820 for a I 930Z takeoff.

F’.
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i i i . ( 5.ii or 1 I ”a r e t u rn e d  at I 82~ /~ and “-- i s  i n f o  rm - c I ti o ’

t h c - i r  c i c - s i r l  i t  iic - 1 j c rt ure t i m e  w a s  1830Z t o  su p p o rt  a I ’ 13 0Z l aun c F .

P roil ig i t d t - c c . ’ - dU T ~~ S ii c - r e  i lnn i l’tha tel y initi ated in -  I u o i n g  the a l i g n -

I~~iC IU i.~f t I c  L’~ - . By the expected alignment t ime lab oUt  1 8-~ 7 . all

i i s  had b e c n  c i n p iet e di  and arrangemeilts had b e er  r - -a ’ie f - r

L I l  - rl - t i d  a l l  t o  do  fi l  c-d h~ Mr. \\ il liam Lord of NASA- Hov- i cr , the

l”.5 a l t -  - ~- nt sc t~~ - f l c i  had not p r o c e ed e d  n o r m a lly an d the s t at U S  w a s

c i f i g  in  t l i c  c t r l~ r pr0graI~ stages. The sequence was  r c - ~~i a I l e O  at

ab t i a - I .~~~~M ~ 5 n - I  pFc )eOc dod n o rm al l y t h rou g h  the in i t ia l  Stc ~T) s , but i as

- I c - l a ’, -- -d ~n f t c -  f inal  ali gnment s tages .  Stabil ization was  f i n a l l y

0 C 4 I e v C C 1  t i t r i o u t  I -~~~ 3/. and the Citation taxied  for  t a k e o f - . A f u r t h e r

r. jour delay f o r  f t c -  r c -  c - lot of an FAA l€- ar ~~~ce r e s ult ed  in a t 0 k e o f f

5. inc of I O)~4Z, 54 min iit I S  a f t e r  the d e s i r ed  n e p a r t U re . As a r ec t d t

— ~~t t h i s  Ie1 L~~, t1~~~I -  l aunch was rescheduled  for  2000/ ..

~-1i ir t t\ aitc -r takeoff, the Fo r rnvar  Rep licator  t r an s i or t  was

fo u n d t i —  he th o,era t i  V I . Although i-lie f l igh t coul d have  been ab - -r t e d

.~~~:i c o r r e c t i v e  a-. t~oa taken , the  lo s s  of the sensor  was  ~ud go5 l e s s

c r i :i  a~ f l ian f tc-  a dr i lt i o na l  dI e la ~ and a decision was 
to i-~ en to c .

Sic 0 5. C c c i , n i i i n C it ~~ i - f i  h I C k S  d u r i n g  t h -  cl imb indica ted  n o r o ra l

I r f n i - i ~~ o f all r a d i o s . A GkIT timcc-h c-d- - w a s  omp leted ~~‘e

C a )  r r l i n at e s  w- c -  In r ~
- c i  ved for a revised st5~ ’lhy point N ~ S— 2 1 . 4,

W h~~- 4~~. 0) on ) C ) ~~~~/ 1~ H/ . .  A pr e l i m i n a r y  PTA of 20 10  was given for

t h e  nor: st:tnnby point .  Clearan -o in f  — r m a t i o n  was r e c e i v e d  on VHF

chanric i s  f r o m  both W allops Plot and the FAA Cen ter s .

Af ter  I c - n  u n i t  at Fl- 35() and establ ishing maximum c r u i s e

ll -~ P t A  fo r  the s t an - .)  - - ~n t  was revised to 201 2Z . I n s t r u c —

I - i l -  r -cci~ ed and 
a k n o v W - - l gcd to c ro s s  the point  no ear l ie r

~0
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than 201 1 Z. A clearance to descent to FL2$0 ~ as also received from

Wallops Plot during this time pt riu (1.

During th c- c l i m b , cloud s w e r e  encountered at all a l t i tudes .

Shortl y af ter  level off, however , the Citation entered  an area of

re la t ively clear air .  The v is ib il i ty  at FL350 w a s  at l eas t  fi ve m i l e s

and an undercast with tops about 10 , 000 feet  below was c lear l y :i S I L i e .

As the Citation continued east , clouds w e r e  ag ain encountered  at

FL 350 , but onl y for  a few minutes.  Shortl y before  c r o s s i n g  the

stand by point , the Citation entered  vi r tually clear air c~ ith un l imi t ed

visibility at FL350 and a thin haze  below . The underc-ast  v as again

easily seen and breaks in the undercast were  evident.  Furth r east

nea r th e reent ry area , the underc ast became solid , but c o n d i t i o n s

above it remained unchanged. A very  thin haz e exis ted at .~1I a l t i tudes

with visibility ten miles or greater .  No hi gh level cloudi s coul d be seen

east or south . However , an extensive cloud structure was evident to

the north with identifi able layers  extending up to at least FL330 .

The sample mode of the INS was selected at 20 :06:25 (i.e. ,

385 seconds af te r  l i f tof f ) .  A p ie rce  point was rece ived  at about 2015

and all remaining storm following informat ion was en te red  m t  - 
-

L T N - 5 1.  The system was activated to provide  an in te rcep t  fo r  the

FL350 sample run . The run was started at 20 :21 :44  on an eas t e r ly

heading,  1 .5  minutes pr ior  to the predicted in te rcep t  time. The

remaining sample runs  were  made in accordance  with the HEART

operations plan (i. e. ,  eve ry  2 , 000 feet descending with th ree  minute

legs) .  During the run s , particle counts w e r e  noted onl y up to the

10 or 1? micron channel s until below FL270 . The 20 m i c r o n  channel

of the  CPS sh owed evidence of s tray c ounts and numerous data checks

we r e - l idicated by the Data Acquisit ion System. Some minor problems

S
Ii.
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w e  i- c- c r -  pc-rienced in f o l l o w i n g  th e  t N S  i n t e r ce p t s  because  the f i r s t

~u mi h a d  cc - e l i  I r iade d c~ t - iwin d r a t her  than C r os  swind . This i. aused the

F i n n  hi -  inadc- s l i ght l y cast of the i n t e r c e p t po in t s . Alter the c orn —

p 1- -t on ~ S c  FL2SO run , it became ev iden t  th at the Citat ion s

p -s I i i o ll SA . t s  c o n s i d e r a b l y too fa r  t~ est.  S u b sed lu en t  t I - - i t s  of the INS

- - i n d i c a te d  tha t  it  was  mal func t ion ing  and g e n e r a t i n g  c r  ronec-us

rr. L ~~rCe 1 t points.

( I ca rance  was  r e c e i ved  f r o m  W all op s Plot to  p r o c ee d  to

Ha d l oek  i n te r s e c t i o n  and the data  acqu i s i t i on  was  t er m i n a te d .  Shortl y

r u n l o a d ing  the magne t ic  data tape , ti-i c -  n am r ) c v - c  r fu ~ e Lieu out

in m d c  r i t a  Acquis i t ion  System.

The Citat ion cont inued north  f r o m  Haddock  and l anded  at

~~~~r i t u c L e t  Is land at 21 52 Z .  Al ter  refuel ing,  the Citation r e tu rned  to

\~ allop- Fligh t Center , a r r i v i n g  at about 0 130/ . , 21 J anuary .  All data

\Vc n (  clownli ’acled and packaged  for shipment to MRI.

C i  2 1 J anua ry,  the magnetic tap e w a s  success fu ll y dup l icated

sai d s c r i p i l -  r e c o r d s  w e r e  dumped. This conf i rmed  f t c -  a nom a l i e s

e v i d e n c ed  c-lur ing the sampling.

SPMMARY OF ANOMALIES AND C O R R E C T lY  P ACT 1CPS

l r ~~~ram I n t e r r u p t  of L T N- 5 1

U i r i i i g  the w e a t h er  survei l lance m i s s i o n , t h e  y s tc n~ w a r n i n g

P U t  i l l u i i : r n a t € - i  on the CDU and all d isp lay i n f o r m a t ion  (t i s a p p e a l - c r .

r i t c  r r oga t ion  modes w e r e  t r ied , but no i n fo rma t i  -n w a s  displ a y e d .

-jy tern was placed on s tandby and then back on align . Normal

- Uns wc-r (- evident , although the motion of the ai r raft p r e e m i e

~,nrnent.

S
F.
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After landing,  a normal alignment of the system was accom-

plished and all functions appeared! normal in both modes.

No satisfactory explanation has been g iven by Litton for the

abnormal p e r f o r m a n c e .  A replacement IMU has been received f rom

Litton Aero Products and it operates normally in all modes. The

original IMIJ will he returned to Litton for analysis and repair .  It is

significant to note that the LTN-51 on the P-3A experienced an identical

failure east of Norfolk at about 1600Z . The P — i A  [MU is also being

returned to Litton Aero Products for evaluation .

Late Takeoff on Sampling Mission

3. 2. 1 Crew Coordination

The misunderstanding on the part of the MRI crew members

concerning the launch time indicates the need for improved communi-

cation between the launch control c enter and the Citation captain. It

was anticipated th at the crew would remain in the launch control room

from at least T- 3 :00 until the beginning of the final a ircraf t  preparation

at T-2:00. This plan was precluded by the weather  reconnaissance

mission and the resulting INS problems. During the period vU e

final launch time was being determined , the crew was involved wit -m

refueling and discussing the INS malfunction with Litton. As a re -

the adjustment of the launch time from 2000Z to 19 3 0 Z  was not

comm unicated. The situation was made worse  by the i n c o r r e c t  loud-

speaker announcement of a 1530 launch t ime.

In the future, the Citation crew must remain in the Launch

Control Center from T-3:00 until they start final preflight preparations.

The Citation takeoff window is extremely narrow because of fuel

limi aPons and any delay or misunderstanding will have  a direct impact

on ti-i c mission.

$ 2 -2 .0

_______________ -. ~~~~~~~~~~



- 
- 

- -- ____

~-\ -1 c - ! ~ l i - i t  h — I I I  I i  r ep a r -d fo r  the  Ci ta t ion  c a i l t a l u i  wh ich

- -.iiI t i r - c d u i e  m i r t 1 - ~~ r ~~r r c L l l - u n s  1 t h i s  1’p e . Of p a r t i c u l a r  irn [iurtance

is  fbI r m c ti f i c  i t  ~ -ii ci  t h e  I P . A m i  S s ion d i r e c t o r  at T— 3:00 of ti-i t -  p l a n ned

t i c ~ e -~~t t i ic  b a sed  011 d c s i r t - ( i  ar il -:ai time at the s tandb y point  and

1 “ c c  a~i t  w in e - . A ny  s er iou s  m i s u n de r s t a n d i n g  shoul d become

111011. iU l i e l \  c V l o c i 1 1 .  Tb e i o i i p i e t c  c h t ckiist is  g iven  in Appendix  A.

2 . 2 r~;s Alicnment

I h e  e~~t c : i : c - t  ri I i  i t n n i c - n t  15 U- v i a e i m c  c of a system malfunction.

3 c c  -~~1~ - c - I  cd IMI  - exhib i t s  no al i a i u m n c - n t  p rob lems .

. 2 . i FA A  C1t r~ r u m c  c 1) e l a y

A l t h o u g h  g rc - a t care h a s  been  taken to coord ina t e  t i-ic- c l ea rance  

Is Ph ftc-  F A A . son i c  t ime  may elapse  between the f ina l

r e (~ o c - s t  f o r  a sp e c i f i c f l ie l -m t path and takeoff t ime  and the rece ipt of a

Cle - T L rd f l c c .  To a s s u r e  the Citation min imum impact , a p r e l i m i n a r y

clearance will oc : i l ~ -d by the  capta in  at T- 3:00 in accordance with the
r-, r e f lj l t  - -h~ -~ 1-- t ist . P evisi - --n s will be r eques t ed  as requi red  shoul d

h c -  1 - u r i c h  a n i n i u i i  o n  5.ike- ft  tin-i c be han~~ed . The final r eques t  for

- I c - - a r -m o e  w ill he ac - -coh i  sh-n-d b y th e h - it a t i o n  capta in  30 minutes

p r i c  r to ft - s- h ec lu le - i  t akeoff  t i n e .

3 . ~ P ~mvar Repiicato~- Trea- -o  ‘ I- c i lu r e

-\ l~- ° -~ 
er  ! c ~~d i  fell  off ti-i o i :a in  t r a n s p o r t  motor .  The lead has

-0  r.-na r i d  i~~ l ~ j l l e a d s  to  the tran :m~~~rt and tension motors  have

d c - on r - - n i i n r ed an ’: f i s t e d . The r e p ] cat ir was successfull ground

~~~~~~~~ c d  :j fh - r  t h e  corn1 - i e t i n n  of the r e p a i r s .

2 - 2 . 10
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3. 4 CPS Extraneous Counts

The first t’ao channels of the Cloud Pa r t i  le  Spectrometer

showed counts of seecral  hundred at t i m e s  wi-m en c ou nt - i  i n  all other

CPS ch annels and corresponding ASP channels were z e r o . The mal-

functi on -v.as caused by poor ali gnment  of the l a se r  and assoc ia ted

optics. The probe has been ali gned -and tested and is now ope ra t i ng

normally.

3. 5 Storm Intercept  Following

Minor difficulties were encountered in following the intercept

directions from the INS because the initial leg was oriented downwind

as a result of t i - I -  r ev i sed  sampling point location. The completion of

the turn after the second (I .  e . ,  upwind) leg placed the Citation virtually

over the in t e rcep t  point for  the third leg and the resul t ing sample leg

was slightly c-~~st of the intercept  point. Fi gures  l . a  and 1.b show the

coordinate s of the points in the middl e of each sample leg. This

problem will not occur  under normal condit ions (i. e. , fl y ing near ly

south from the standby point with west  winds ) ,  but the initial in t e rcep t

can be o f f se t  sli ghtly to assure  a c rosswind  t rack wheneve r n e c e lr  -
~ ir y .

The Citat ion captain has been br iefed about this revis ion in the

p r o c e d u r e  for  using the storm track mode. A pract ice  fli ght  will be

cc nducted  on 3 February  1975 to assure p r o f i c i e n c y .

3. 6 Rec iproca l  Storm Motion

As shown in Figures 1. a and I . b , t h e  INS genera ted  in te rcep t

points  on the rec iprocal  of t h e  s torm motion vector  (i. e . , 250~ r a the r

th an 070~~) . This is indicat ive-  of the s y s t e m  malfunct ion which was

fo w i d  to bc a software problem . The newl y r ece ived  IMU opera tes

pr  j - I ,.

S
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- — - — - C O M P U T E D  S T O R M  T R A C K

DES I R E D  STOR M T R A C K

I . I I - , ,

7 0 0  690

W e s t  Long itude

I-P g it r e  1.1) . Detail of Citation sampling point locations.
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i b m -  L l L c l l t i l I c t ] - Tl b r i n g s  UJ) all i i l m p I 0 1  ~~~ 1 l t  - f l i t  ( - r l i n ~~ the

s t - - r i o  OU t i !  Vm - ct o r . ~~hc  I~~S i s  p r c d r I r I i i c - c :  i cc  a - c c  t a t r u e  h - a ~~in

~ nd i n I c ~ d fm - cr ti m- s t or f l l  mot ion  t j ~ l 1 i c - I - m n e n t  i - f i t ~v i i  t o  ea st

j - ~ ( l c i I  ()~~ I . Fh t l m a - ~- t r ~~os n : i t t m  d b y t he  n h i s s i O f l  t i t - t t - i- cl c g i st  \I;o e

in  i- t -c i n r - - ~ J h e a d i n g — . Th i s  coul d i c -ad I - - c cn f u s i o n , p a r t i c  u l a r l y v~~-en

than ~ es ar e  ma d e  durind l i e  r f lj s s i ( ii . [ i c  pI - i ( - m - : l x r I  ~i- !o ’ 1 1d r c -qu i r e

t h e  t r - m n s m f l i s S i O f l  ‘1 f b m  v a lu c s t i ;~ ii s i I  a c t c m ~d !v  i i  - c -  l oaded into t i c

1 -Pi , n: : i elv  t h c - s t - - n f l  vec to r h c  a inc  to  0. — l c - c r ~~ m - s  (~~. L .  170 . 0 )  a ie

t h e  Vc 1 ~~ t~ in kno t s .

3 . 7  Data Acqu i s i t ion  Syp~cjj  I - r r ) r  Sp~m o i ~

Dur ing  the i n I t i a l  l i m b -  mit , n ur n - - 1 - - i i s d . :t a  1~~-c [ S  v i r t -

cm -n cr cted )y the K c - nn e c l y m ope r c - m c rc ! m - r  in d i c :~t i n g i t o c c r r c - c t  ~o ~din~ c-~

d~~t~ f r o m  the bu f fer  rnemor ’  . 11 c t 2 ) m -  was S t - - I ) ic I . r cvmur . d , ann

r m - s t a r t c - d , but the e r r o r  eh c c k s  c- n t i n  i c d  ~or f t c  I i r s t  B m e t e s  of

mm r ) c - r a t i - n. Subsequent  p r o c es s i n g  of ‘ho data I one- -iii - ~c e-d n u n c  rous

p a l - i t :  e r r o r s .  The sys t em u as c l eaned  and t c - s t ~~d -
~~ ti a d i f f e r e n t  t e p c

m d  . - 1~~ wed normal operati - - -:. i i  C rn -J r r (  -mad ]  e c: a e - f - is p r ob lc-  n

c-:as a d i r t y  or - s c e m~~ii-m -  l ah e .

5. -~ Data Ac :qnisition~~ystere Fuse le i unc-

T hc - 8 a - n p c - r c  ~1 v — bi er : main  ] w e :  f w c  0 1 ,  ft L i t  A

t I c  n Sy s tem blew out shor t l y aft -. r the- COn ip i l - t i -  -i of ~~ 0 t I ~~~~I ~n c~-

‘x~~~~fl~~ fl 0 l i 0 i l  r - \ - ee ic -d 0 at the f us e  h an  ~~ - o t ~~d i y i i :  ce - -~ v i~

c v  (1 l r a ~n has  Eu -en t o-a~~~irc ’~ i to b c :  o r e  h a t  11w fus~-

rg ina l . An appropr ia te  r p J a  c-mcnt f i i c - h a s  been i t i S a h l e n .

- :) i a c  a C nt  fuse  r i t i n g  has  been ~n c r e as ’ -ct I m  a v o ic  - in ai n o  1 mg

‘ i r m ~oi  r~e Cj i -  i e i 2 n u t  a r  I ~~~ r load - -~

S
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4. SUMMAR Y OF ACQUIRI- 1) D A T A

4. 1 Pa r t i c l e  Repl ica t ion

Foil repl i c a s  were  a c qu i r c -  I at all a l t i tudes.  N o Fccrmvar

rep l icas  w e r e  acquired .

— P 2  Pa r t i c l e  Count Data

Par t i c le  count data w e r e  acquired at all a l t i tudes. The 20 and

40 m i c ron  CPS channel data are  i n c o r r e c t .  This  p rob lem h a - i  L e c ~
i so la ted  and r epa i red . The dat a f r o m  these  channel s is  n c - I  : -f l c t i c]

in the  fo l lowing  ice  wate r  o n t e n i s .

4 . - Flight Condition Data

Flight condit ion data \\ e t c  a c q u i r e d  at all al t i tudes .

5. SUMMAR Y OF METEOROLOGICAL CON DITIONS

The data acquired by the- Citation ensor systems indicates

that the aircraft descended through v e ry  spat- se , very sm all i - c c ry s t a l

h a z e  t r o m  FL3SO to FI .270 .  Although ti-i c  d a t a  \cere acquired far from

the r e e n t r y  reg i-m , visual o b s e r v a t i o n s  at FL 350 made w it h i n  1 5 miles

of the r e e n t ry  c o r r i d o r  ind ica tc -  th at s imi l a r  condi t ions  exi s ted  a

the r e e n t r y  path . During the de s c e n d i n g  t u r n  a f t e r  the F L 3 B 0  san i le-

r u n , the  reg ion east of the air e  ra f t  pos i t ion  had onl y a t h i n  l aze S i c - - ’

the lower  cloud deck .  Visual  (c l ) se rV atj of l s  f rom  the P- 3A du r - -t -  t h e

FL 2 4 0  sample run c onfirm this conc lu s ion .  [he o b s e r v e r  r epo r t ed

break s in the c-b ud s at FL240 dur ing  which  t he  sun was v is ib le  above

as a d c - f ined  d i s c .  Although the visual  o bse r v a t i o n s  a r e  ha rd l y a

s u b s t i t u t e  f o r  proper data, in tli i 1 -- c a s t-  t i m -v may allow reasonabl e

c o n f m - l c - n c e  in an ice water  content  prof i le  r e c o n st r u c t e d  f r o m  the 1> - ~A

d a t a .
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i i  - d u c e -d  p ar t i c l e  c OW ) t  I l a t a  f ro rr i  t i l e  Ci ta t ion a r e  si- t v- i i  in

A~ c : > m i i n i x  C.  l i t -  c - n l f ) t L t e ( I  i ce- w a t e r  c- n i t - n t  p r o f i l e a~~rees  iu a l i —

i L- - e l y  v ith v i s ua l  o b s m - r c a t i c i i s , n a m e l y ,  th a t  the  p a r t i c l e  c o n t e n t

~-:os c c i v  sp a r se  b -f—a ccii  f l igh t I c  c m l  5 35 0 and 270 .

The dat a p r e s e n t e d  a r m  pas a v t - r a ~~~-s of nu m b e r  density for

a - h  s p e c t r om e ter  probe  si ze  ci — annel  and the  resulting total ice \victm- r

- i i i . u t  a s s u m i n g  buflet rosette cr\- stal  -i . It should he notco that  tb-

1 - at i ct ~ s at which data  w e r e  acqui r c a ]  O c e a n ic  inc r ea s i n gly f a r  r i - -  - - cc t

rom the elm - s i r e d  sampling p os i t ia cn  as th e- s a t i e J l i n g  pro -4 r e s s e c i  V.

1 1—c fi nal s amp l i n g  ic eel , FL250 , being 72 nau t i ca l  n i l  i - s  f r o m  the

d c - i ced point ( s d - Fi gure  1 ) .

7 . CONCLUSIONS

The spa r se  c-loud c o n d i t i o n s  in the r c - ’ - n t r y  a rea  m di . ate -~

n ( s s u c l e  need for  a l a s t - m i n u t e  en v i r o n m e n t  c - :a lu a t i n r .  Th e- ( ‘i t Co~

i -:1-m t p ro f i l e she- ul d he m o d i f i e d  to ailnu t r a n s i t  t h r o u g h  th e- r e en t r y

nit  at about T— :10 to de te rmine  cloud tops and i n t e n s i t y  u ,- t  hele n-

t i c -  bc W ( 11. The Cita t ion a oul d then p ” o c  c - cl C ’  t b -  s tand -y 1 m ~~ nt ,

arri --0fl4 j i L t  ~- - n  T— :5 and T— :1.
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T —  - ‘- :  i)U C i t ~c t ion  c n cp t a i n  is t u - t i f i e d  of p o s - t i b l e  v~ c-~~t h -  r surv -illarn
l i i i  S 5iU f l

I -u :00  to
— 5 : 0 0  Tahc- c,fJ ’ fo r  su r v c - i l d t n e - c- m i s s i o n

- - b ( )  La te s t  p oss ib le  l a n d i ng  f r o m  s u r~-c i l1ance  m i s s i on

-t - -; : I 5c Cit a t i on  capta in  g e t s  p robab l e  l a un c h  a z i m u t h  f r o m  c m i ~~s ion
w cu t h c r  (I] . r ec to r ( D r .  C u n n i n g h am  of A J - C R L ) .  C u t  ~ n
c a p t a in  p r e p a r e s  f l i~ih t  p lan u s i n g  f o r e ca s t  w i n d s  icc - I c t c  rmi ne
ta ke -o f f  and  re~- o v e r y  ti m e 5

1 — 3: ( ‘0 C i t a t ion  captain f i le s  p r o b a b l e  f l i g ht p lan wi th  FIn-\ We shii-tgton
C -nt e  r as fo l lows:

C l i m b - o n - c o u r s e  f r o m  Wal lops  Fli g ht  C e n t e r  to
S t andb y Point .  Sam pling r u n s  in l O t )  nm r a d i u s
of n o m i n a l  p i e r c e  point  Ir oni  FL350 to FL~~50
f o r  40 ruin. Recovery at Nantucket I s l a n d , \1 i t s - i .

Citat ion captain no t i f i e s  DNA n-m i s s i o n  d i recto r NI
R u b e r i s t eu n )  of p lanned takeoff  tim e

T - 2 :0 0  Ci ta t ion  c a p t a i n  r ec e i v e s  f i na l  a z i m u t h  f r o m  m i s s ion
wea the  i- di r - c t o r .  If n e c e s s a ry ,  the f l ig ht p lan wil l  l i d

m o d i f i e d  and  re fi leci  with the FAA . The new planned
t akeo f f  t h o m -  wi l l  bce iven  to the DN A m i s s i o n  d i r t -c t ’ -.

T — 2 : 0 0  C i t a t ion  sy s t e m s  c i p i - r a t i r  i n i t ia t e s  INS a l i g n n i c - n -
pe r fo rm s sys tem is p r e f l i g ht

T - - 1 : 3 0  Ci ta t ion s y s t e m s  ope rato r cleli-:ers airc ru ii and i- c ~j ’ai p l e t
s ta tus  r i - p o r t  to DNA niission clir c- c tu r

-i — 1:30 Ci ta t ion ca p t a i n  r e q c_ i e s t s  A T C  cle j : ancc

T - l : O 0  Ci ta t ion  d e p a r t s  Wal lops  Fli g ht  C e n t e r

k T - m ) :  15 Citation r e p o r t s  ETJ\ I c r  S t a n d b y  Point to W a l l o p s  Plot
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APPENDIX B

PRELIMINARY ENVIRON MENT DATA
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I . I N T R O I ) U C t RY’~

- l l i c  ~ ClO(C H ii C (I1(t~ t 1115 r e d u c e d  C L C ] O C I C I  ph y s i c s  d r c t a  r c c q u l  red

I i i  _ c)c 1 cpccI’~ c - I  the SAMS I )p e l ’a t ior l  on 7 M r i r o - I  1975. T 1 c _- data hav-

l I l cell  l’c ’VI IWI’Cl ~(10 p i’occ _ -s sc id  01 c ( (2 C I ~ r d a n c ’r -  w i t h  ti le procedures  de —

sc r i h e c~ 0 g ejDOrl - \ c i n i l x ’r  MRI 15 I i —  1 3 23 .

MISSION DESCRIP TI ON

I l i e  C i t a t i o n  cloud ph y s i c s  r e s e a r c h  a i r c r a f t  flew in suppor t

ccl c S-’c _ \ I S ope ra t i on  on 7 \ - l i c r c h  1975 .  The  Ci ta t ion  depar ted  fr o m

\~ 11b ps flight c e n t e r  at I 930Z and landed it 2206Z .  Sarnplini ’ run s

We l c ’  C c c f l ( i U C t e d  at FL2 I~Q f rom 2 1 20 Z  u n t i l  212 4Z , at F [ . i- 0 irorn

2 13 0/  u n t i l  2 140/,  and  at  FL18O f r a n _ c  2 1 5 1 7,  unt i l  2 1 5 4/ ,.

At I- 1280, t h e  t e i np e r ot u r e  was — 3 2  d e gr e c - s  C. C I c c ic! cover

W C D S  c on t i n u ou s  but v a r y in g  i n  i n t e n s i t y. The a i r s p e e d  d u r i n i  i~I i e  r u n

was between 116 and 120 KIAS .

At FL2 50 , t he t e m p e r a tu r e  was ~2 ( c d e g r e e s  C and c loud

cove r was also c o n t i n u o u s  but not i t n if or n i .  r I e  a i r speed  van c d  f rom

LIt ) to 124 KIAS .

A f t e r  o n -  l i l i n i e  c- of the l ’ I  A 80 r u n , t he  C i t a t io n  e u  ei’ c_-d c lear

a i r .  The  t e m p e r a t u r e  was  — 1 0  d eg rees  C and the a i r - c p c - e d  w~~s

i- -J \ S.

3. 1-QU IP M L  - f OPERAT I CY3-~

Data  we re  co l le ct ed by all s e n s o r s  except the foil rep li c a t o r ,

liowc vc- r , ex t r a n e o u s  counts  were  r e c o r c i c _ -ri 1~~l the f i r s t  four channels

• of both the CPS and ASP probes .

- :r~~~mr~aun’ 
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~ i a t u  i l K  Lee  p r - - b c - c , \v i t I I  t i c ’ c 1:i c - p L on c f  L I L C  f i r s t  I c _ - c C t i c C i i c L

c c !  1 r ic a1 and a— : r i J l  Sc~c t I e r i n O  p r ob e s .  I i i  c ( I C i i t c n , t i c -  pass

C c ’ ’ r a g e s  of the  \ V C I ’ c r  c - o i _ c L c - H 1 fc ’ ti_ c c-se Si/C c _ i c n t i i i ] c  a r c ’  p r e s d u t r i  c a t .

T h e  COUntS b r  t b -  f i r s t  i c r  c t eu. cc - l c  of the ’ ASP c i - c l  (~~I~~
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meteorolo gy re~eorc Ii, inc. ‘ 
464 w. wiwdbur y rL • altadena. ca’if ,

MI ,IIA 1 .dd,,is:

&c 6,%7. A II.W...
CaIcf 910(11

7 A pri l 19 i 5 - 213 7O I 1901

File 910 414 1493

Dr.  1(obe r t Cunn in g ham (1 1Y )
Air Force Cambridge Research Labs
Laurence  G. l ianscom Field
Bedford , Massac huset t s 017 30

Dear Bob:

As discussed d u r i n g  our p hone conversa t ion  on 7 Apri l , the C i ta t ion
PMS measurements taken on M a r c h  7 , 1975 will be reduced us ing  the
s ize-mass r e ] a t i o n s h i ps for bul let  rose t tes  and spatial d e n d r i t e s :

Run I at 28 k ft, - 32C - Bullet Rosettes

R u n  2 at ~ 5 k It , - 26C - Bullet Rosettes

i~un 3 _ c t ~~ IS  k f t. - 12C - Spatial Dendrites

The density ratio table of bullet  rosettes used for the data on 9 and 20
Janua ry  will be used  for  the f i r s t  two runs  whi le  the enclosed r a t i o s
wi ll be used for  the spatial  d e n d r i t e s  for Run  3. For the sca t te r ing
(2 - 30 M m )  probe m e a s u r em en t s , t he  ra t ios  employed for the bu l l e t
rosettes wi l l  he u s e d c  For t IiC clo~’~r1 and p rec ip i ta t ion probe , t ’

dens ity ratios are based upon the following equivalent water dianCl ‘r

(d) vs measured size (L) re’ationship.

0.783
d (mm) = 0.308 L (nmi )

Density Ratio = 2 . 9 2  X l0~~ IL (mm)
°’6

~~
1

Proces~~ing w ill commence  a ft er rece ipt of your  wr i t t en  approval.

Sincerel y,

‘D. M. Takeuchi
Research Sc ientist

DM ,. ~ l1W

cc: ~ c _ c C I l d  B a rr i e s -A F CRL (L Y C )
End .

B 2 — 3 , 3
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C itation Fli g ht on March 7, 1975

R u n  #1 - Bullet Rosette s

Run  ftZ - Bullet Rose t te s

Run  #3 - Spatial Dendr i tes

DENSITY TABLE FOR SPATIAL DENDRITES

CPS Density PPS Density
Size R atio Size Rat i o

(M)

20 0.273 200 0.0833

40 0.237 400 0 .0530

60 0.182 600 0.0407

80 0. 151 800 0.0338

100 0.131 1000 0 ,0292

120 0. 116 1200 0.0259

140 0.105 1400 0.0235

160 0.0963 1600 0.0215

180 0.0892 1800 0 .0 l~ - ,C

200 0.0833 2000 0. 0.,~36

220 0.0782 2200 D.C ’  - 
C

240 0.0739 2400 0. 0 1 c~~
260 0.0702 2600 ~, o 13’ -

280 0.0669 2800 O . O . 4~4

300 0.0639 3000 ‘). 0 1 4 ’

P~’sproved ______ ___________________ ~~~-e_______  -- -— 

~~~~~~ 
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3 F l I ME

4 NSE C

5 rl \S ( r n / S I - c )

6 PItES ( m n b )

7 Al _ cT (krn )

8 T1-~~i I ’  ( ‘C i

9 A~~I3 W a t e r  C o nt I ” n t  ~C I~ 
- /

10 CI’S W at t ’  r C o n t & - n t  (~-n i / m ’1 l

i i  P l 1~- W a t c ’r ( ‘ I c n l i - n t  (~C n / n _ c3 )

12 ASP R a d ar -  Ref  i c- c ti vi tv (mm ,! 0C

13 CI~S R a d a r  R I ’ f l C ’ C t i ’ ci’ lt y (torn /rn

14 }‘PS i tada  r l U - i ]  - - c 1~ v i t y (nirn~/n ~’~)

15 ASP ‘}‘( c t , i l  ( a j un (~ s

16 (,i 
~~ 

‘~I o ta l  C o u n t s

17 P1 ~~ T o t a l  C c o i n t s

18 ~l - tit ud&’ ( l )u ~j )

19 1 A I I I L i t I 1 ( I C  ( D e g )

20 r’act Ii sed

21 A51 No . J ) I ’ n s l t \ ’  (N o  ~~~~~~~~

22 CPS No . D e n i~i t y (N o / r n 3 )

2 3  PPS No . D em r - ; m t y ( N o / n m 3 )

2-1 To ta l  W i t  e r Co n t e n t  (g in  /n ~~)

25 To ta l  R a d a r  R e f l I ’c t i v i t y  ( n o m l C /n ~~~~~)

To ta l  N u m b e r  Dcii si ty  ( N o/ r n3 )
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Data Summary for  SAMS V Opera tion

15 A pril 1975

by

C . Cullian
S. Thomas

Ii

F i r s t  issut -ci  ss MRI 75R -  1357 , 28 August  1975
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I .  IN TRODUCT ION

l l i i s d~c_ -ui i -me ’ti I i i t t ~~in s  i- c_ - du ~ -cl  - l o u d  I m y s i c . s data a c q u i r e - c l  in  s up .

p o r t  c l i  t he  S~\ \ I S  op i -  r a t i on  of I S A p r i l  1975.  These data hav e  been i- c -

\ c _  ~~~-cl c _ n t ]  p ~
- c c _ ’ c i s s e c j  in ,i c ( - o r l l a i i c . e \ \) t i i  the  p r o c e d u re s  d e s c - r i  hod in Re-

p o r t  ‘, C ) t I I h C  r MR I  75 R —  1 3 2 5 .

2. MISSION DESURIP I ION

l b  ( : i ta t ion C1II (id phy s i c s  ‘c - s ea r c h  a i r c  i-alt 11 c -w  in s u p p o r t  u f a

SA~~lS 1 1 1 C c - r a t i on  on 15 A p I - I l  1 9 7 5 .  The C i t a t - cn  dep a r te d  f r o m  \\ ~t 1lop s

E l c u i t  ( e n t e r  at 132—i /. c_~ d l anded  at 1605 1.. S.imp 1ini ~ runs  \ — u r e  c~- ) n —

c l o t h - rI at FL 320 f r o m  1- 154 7. to 145 8 Z at F l ,  /90 f r o m  1507 Z to

- I t ’  /. ,  at FL - 25 0 ‘ r u m  15 15 / ( i t  152 1  Z.

At FL $20 , (l i t - l c ’mp c ra tu re  -1vas -40 degre e - s C, and a ir s p c - c d  dur in g

tI c1: r u n  va r ied  f rom I / S  I t  132 KIAS .

At F L 21) 0 , t h c _  t e m p e r a t u r e  \\C ICi( .33  d i g  ret’s C, and a i r s p e e d  d u r i n g

the run ~-~i r i e c l  ir or n  1 2 3  to 127 KIA S.

At FL ‘50 the tempo r a t o r c - v a s  - /5  ck-grees C, and airspeed d urin g

the i-un varied from 124 tcc 1/5 lK L ~ICc_ S

All runs  \\ or e  made in  h e a v y  c l o u d s  and mode rate to  liea -

C’l)ulenl ’e was obse rvl:d a t all  l e ve l s .

~~. E Q UI P M E N 1 ’  O P E R A T I ON

k Data \\ I C C Y C  c o l l I c t e c l  by a ll s -n s o r s  excc —t t hc _ ’ f o r m v a r  f i l m , clue tO

h eavy  ic ing  a t the p r ob e  ir I t t .  The foil  rep lica tor ope rated at FL 3/0 and

E l .  350 . While the ho lo t - ato e ra ope r a te d  at all levels , i t  was not  n’ i on i t -  -

by t I 1  B~- : S , t h e r e f o r c -  c O  fi m-in g t imes a r e  av a i l a b l e .

4. r E D U CE D P A R I I C L E 2 DA TA

3 c_ du c - c -d p a r t i c le tE a t -  f r - c o t  the Ci ta t ion  f l i g ht a r e  shown in A ppcn-

di~ A.

2 - 1 . 3
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O t ’ i c . -d ‘ ct i i j ’s alt - u t  1 1 C c l i l t  t c r s  t r - r e s T ) I l l i c I t i m  I -  c - i c  Size I h -~~ i r u - i

~~i)t t I ’  i n c ’ t ’ ~~ I ) r , I l ) t ’S.  in a d d i t i o n , l i i i  pa ss  , i \ t ’ i ’iI C 1 c S of t l i t -  C t t I ’ t ’ I c c l t t C I i

I -
~~c Sc. ,  S i z - -  c ’ h a n ’ c _ - ; s  a lt ’  p r e s t -~~I t - c I .

I _ _ c  - i c c  r i  pi d c~~~~ - s e t ’  i t  t l i t  - P Ia-  m u -  i’~ c r s  / \ c I  nd i \ \  s ~‘1 () c  d c _ c i  v. ~‘ - i 1 C c

C I I I ,1 l ’ _c’  l i - I l  1) 1, 111W t i m e  ( I c _ .\ ~ p d c C f l t . I l i t s  i d i t i u t i  t l n ’ i i  I C > c _ l s l ( ’ I , i i I- I-

f l t l i T I l l c ’  i’ I sc_i c - ~~ F L  20 0 . - I pc_i S s nun I a -  r th ~-e~ - , 1- L 2 

~

0 , tI C - C r t - i 1  -

d c i ’ - i t i C t  d c i t5 ) i u n s u i t ab l e  for pr’c_a - 5 5 m g .  I f l l o i ’ f l O i t I I I Il 1- c - g a  rd n g  i i , . - , c _ l i --

c I i C - n i s  p i’ c - s t - n t t ’ c l  i i i  A pp en d ix  1: ’ .

I ~
c_ total \~d i c  1’ - 0i~~~~- f l t  IC I C I C i S  i c i i n p t i n - d  u s i n g  the dben s t C , t c _ : - t c  5 i I v ’ t C

c
’IC c : , e -n d i \  C, as s t i p u l a t e d  in t l C c  c_ ’ ( I u V e r S~ i 1 l I c l l  111 ~ ~cO I V  

1 1 17 5  I > ~ t \~~ c ’ ’ 11

I - ‘ I 1~- y t i t s f i & ’ld ant i  D r .  It . C i u i i ii n g h a i n .

- ‘f L C d l  - D I G I f , -\ 1. I -\ l -tE

1 hc. -  data t ape  a i  c c c r l i p ; C r i \ ’ t i c C~ t h i s  r ep o r t  is fri AF( , 13 l f c . i i~ t c t , -

_ t c _ c \ \ fl ~fl A ppt- ndix P. and 1,r cc ~~ id e s O C t I - -~~~ i~~C l - f l d ]  ‘:aluc.-s o i I ~ I c i a I - t  t d c _ c _ c _

( J i  i- a g  s--i nC;)IIug 1’ l C C  n I C l I n b l ’ l ’  h O c.

2-H 1

~~~~~~~~~~~~ 
— 

~~~~ T~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

APPI- N DIX A

F’

1.i _~~ 
‘ : ‘

~~~~~ 
‘-- V - - . ~~~~~~~~ - - “-- - --- -I—- - - -



- -

-. ~~_c C) It’) ‘ 4 -  -c ISJ Ti Is_I ‘Ti
Li C’, C’s 0 c’s ~t c’s t’ ci (-)

> - _  + - ~~~+ l  1 1 1 1 1
— ~ ,,,J ‘ I i  L,J U) 1 Ui LU U-I i

‘ U . . l ‘~‘c C -  t~~~~J t - - - rc 0 t”J - J
‘1) I/I II’s (1C~ )‘ I ’ ‘5’ 1 c c  II’s ,J’

-
. ~- In I I .3 I J t 1/, —T 4’ F’-

D u , c ’ .., a ,1,, r’ci c- ’ , ,r . I cs\ 4 c 3
‘C L I  c C-C3 0
(1’ Ui Z (‘_c F’— NJ S NJ F’. ‘0 .0 ‘s’s C) C) C) Ct) 0

. 1_ Il  —
(I’t -~
l5J~~~~

ICc C) 0 (Xi In -,i NJ cc_ fl In s I’.) C) X’s ft 4’
F— • l’s) c_) C’ ‘C - I ~,i’ I’ I - ‘  0 ~~l N .0

(1,_c I _ i  “l 1,7 I/I ‘1) N dl Ct’ -, c-c c-~ N_c I Tt
- — - - •  -. — — c-c
7 . l  ‘-i’ C) I l l

-S I’) UI cu~~~~~~0 00~~5) CC )C 0t’J t’D C)5)D 0
c”t . c/) ~~ ~~~~ I I l I  ~~~~~~~~~~~~~b~~~~~ — I .I - ’- s_” I— ’ ( ” ,”

1 0 <  .0 ~~~~~~ ~~,iN Ut N ix w .1 — 1 1  ,_c -~ ‘ ,C c_C) Ct C) C) .-c . 4  -‘4 .—I —c 4
c A l

i n -  -c-- C-) ’-’ s’-,J ,Ui c,’ n  r t O l c ’ _c l J- C~ j ’ ’I ’-Il
cs_i ~- j  (I_i (U 1) (1’ I I )  I”-’ C - )  I U -‘a LI ‘5C N

— ~~ ,“I m ~ ct_i -0 N c_ft U’ C) -~~ .-. NJ

7 7 c_/I — c-4 -~ I-_c
C) (3

~ ~~~NUJ N UJ Li
Ui — .0 — U’s 4 ’ - .  .‘_c c-I LU c-c

c_Il U_c I,,) cU (3 C) (5)) 1) (5 C’ (Ui
o. l — o °  > - —  + 4 + - c _ -c, -~~ + i

~ 0 -~~ IY 1 ’  5 1,0 UI Li iii cii U LU LI - I I
.0 .0 Ft. 0’ 0 -I-i — c NJ 10 , I - S II’S NJ ,~~l

i” ~‘) Ci C) 0’ ~i. ~~ -/1 - ‘3 4’ N ‘3 1 cc I_c 1) - -_c -r
.0 N 7 3’ .-~ - i’s (Ti “3 -I c , (‘s_c cI”s - ci
O 11) ~? li_i ,tJ c/i 0 ~~J - N - -_c -‘4 4 ‘3 -‘1 “I “S ‘I

N C) Lii 7 -0 (3
7 “. U. Ui C) 7 —c ,~ ci t  ‘4  ~ ‘ -: I”• - )  ‘1~ .—~ _ c (0 (5
C ’c t ’s  C)

~~~~~ c_’) C) .1
4-’ ~ . U) C~~ I— )- N- t’— CX) (‘I 5’) 0’ (“( 4 -( IC J _c rn -0 4
‘4 4 ’  C) ‘) 0
4- .~I ‘)C~ • 4-’ >- — -1’ 5” .-‘ ‘3’ ‘0 I-’J 3’ ci c (‘c_c I IJ t~ N .1)

< —I’ C’) , i  I’- ,‘c’ c/t (Ti 4’ IA cC-I ‘-0 F-’ F’— S c  7 -C) - -‘ .-a I-,j (l’s
LI > I “4 .0 — C) 0 .‘a c-_c ..-c

~~~~ l c_C
10 c / I t’s 4-- -’-c ,_c 0 C ) U i U i0 , - O O C U  C i’)
1,) I N I,,~1 

- j  ~ Li
.0 4’ C’s
~~ ‘ ~~~~~~~~~~ In N N I c N J r ’ J ft’ II 1 - 0  -i’s
U) 7 c,) ~~ l’U c-

> (‘4 c_LI 4’ ‘,I’ 5’ - —I ‘5’ ‘0 - 1 (‘s 1(5  - -I —4 ( 5) F’-’

‘4 • 15)1 ‘L ‘I_c 50 3 If’s ‘I” -0 “— p—’ ~ -,- - - —‘ — n--i
,J “7’ I LJ C-’.

Ct,
~~~~l ,?
4-- F -  4’n / I .  c-I t - n f ? , , 7 t t r  / 1
I.- 0 L1) Li C) C) CD c_’) C) C) C) (C) - - ‘ - - I

~~~~ _t~~~~-s C >- — 4- - . -* +  4- -t +

‘4 0 I C~ c-, 3’ ,0 I ci 1 , 1  0 1 0 cii U-I 0 I I  - U - 1 ii
1 LU cii — I r -  N _c’ 0 ‘3 U — ‘  LO - I - ‘  ) - ‘ I F-  ‘ I

Ii’) 4-’ 10 ~~ C-C -3 (Ti I’ I .-_c - - N 7’ - c’s ‘ -- .~ .-‘ -‘ r -

‘4 ‘ �  ( I - 4’ b c ,’ 0 C )’0 ” _ c ’ ) ‘ i~~~~- 4 ”
I/l CtI ‘C) ‘-I ~, I_c’S C) I - I  It ,c - I’)’ c _ I  4 1 I N Ui N CL II

Z -Cl 0
Z cs’s 4’ 4 4’ 4’ sO st’s 10 Ic’s (U - -, C’) NJ NJ
-c

N 10
a ’s w i ’-~~~,o ,rc u’s ,i’ c7’ .--. s_l Irs o n — cr,

I— U) 4’ ‘0 a) C) C’) 4 ‘0 N Ct Q .-I (‘c_c cl’s 4’
Vt N ~~ V’s -. c-_c ..4 ,-_c I _c NJ NJ NJ r’sj

fD~~iJ Z
W~~_- C) 0 0 0 L J ’ c i O L UU C C ’ JCC C ) C ) C )

S N U) ~~ N N I-’ N I’- I- 4-’~~~ N N — — I- N
..J 3’ Li
cJ.I ’ 4 ’ - ”  t U i N I n cf t U ’ s 4 ’ ( 7 ’.—c “s It_i cO N ’  

O
~~~ 

c~J 4 ’ . 0 U i C)r . J 4 ’ o N , j ’0 —’ I’sJ m
— -~ — ‘-a -~ NJ CI) (‘4 5’)

A 2 — - L 3

? Cr.DflGr’A~~ 
BLA1~(OT ?IJJ~~

- 
- --“- - -—

~~~~~~
- -- ,-

.1.~ ‘ ‘ ‘~~~~~~~~~ “ 

~~~~~~~~~~~~~~ 1 ‘ 
~~~~~~~~ 

-

~~~~~~~~~



‘5’

— (0 (~~I ‘-‘1 (CC CC 4’ 4’ 4’ 4’
) C’c - ” s ”s , ‘) o s ’ s

I I I i I I I I I C)
C) Ui U I  c-LI c_ c - 1 1  10 LI c i  LU

I,) I,) (I 4 I’D I I’S -I’ N -c (‘S

4’ U, 11’, ‘—I In (I  I ‘I) I NI 3-
— ) -S —_c cC-c 4 (CC 0’ ‘c - c c _ I  CC

C - )  (7 . I
O’ ccic ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 50

I c/
_
c C)

rn _I ’-, .I’l
(c_J 3 ’  4’

I 0
cts O -,
N • ,Ui c/i 5,~c - i5)c - ,, c C ’ -  ‘ci ‘U 1,_ I ,~~ c - ct’ ,

i’s c_u LU - c c  7’— 0c_ ,—. ‘-‘ - - I 7 —  3’ _-_c -13 ,‘, pc, 1 -
- 3 ’ c-L I C) c-I — c-I c-I “A I I  NJ ‘ _c _c 50

c c
—(I l’s-I c - )  - — i )  0 - t’t t ’ C C ) C t ”C,TI TC , CC ’ C C C  Li

• ~fl 
- 3- — — 

0 . 0  cci U- N
N- I _c c  N U- IC, 0 ICC) , 7 0  ‘S ‘3 C) , c  C) ‘3 ‘4
c _ c c  I (C) C’ C’ 7 C - C) c_ c - C _ c  C) (CC) Li (I Cl

I N- ci - “I Cl’s 7”- 0” ,‘-‘I “1 c c  5-’ ~‘ ‘ -c - “S - rnc ’s “— ,)‘ >

4’ (TI “4 _-I ‘I ‘—i ‘— ~— “)  (s) (t’J -J NJ Li_c

~) 
i t ’  C’t

-I ‘~‘~~~~ 
-T ix

Ui 7’ W Li ‘4
10 ) ‘s1 ‘( ,1 - J 1~ _c it’S -C c_i’ s IC 3-- 17 -3 C)

— I~CC ‘- - -C c -- -) - c ) ~- ’ ’  5’,) 1.)
1-00 C) I c I t  C c i I I ‘4

5’ 0,~ C’) -5- 12 , U —, 0 -1 -i_c , a,_c c-I I”
-(7 4 l’s 3- (‘5 C “., 4 -I,, “i ‘4  (‘S I _c C” - I ,D I,’,

4-’ 3-) I t ’ S 5 )I Ct c . — ,  I , ,L) ’3- I ,i -- “ 5 ’ )

4 ‘- 5)’ c_ Ct 7 P ’ — ” s -0~~~~~ J ’ Y’ - “I - ’)  I,,)

3 0  -‘s’ 3-i c_LI Vt — 1
N- LU (-J —I NJ (3’ (‘1 4’ “l 12 “ ~J ’s It,) ICc 7

LU ‘-‘ c_’— -Ii 5)
(‘ TI iCc C)
“I _- I 7I 5 ‘-1
~ U, 10 ,7 Sc- > ‘ 0 CL 0 c_~’s C I  C) ‘3 Cc Cc 7 -, -D ‘3

‘4 4’ C) s-_c 0 ~‘4 ci(’~ 5 r— - r  - ,  ~~- I , ’  n - cf - “ d(~ “ - - ‘ - _c

U—’ ,j  ~() I” 1 I I  7” —l —‘l “c — c-I ~‘4 i - c_c - - ‘ -

— ‘4 NJ - .
Li > I -‘_c s17 Cc 5)’ -c ~ C 7) i-’ CCCI C’) C’) CC Li ~‘ - C CC C U) )C

U I   t~~ -” c_~ ‘— I~ - ’ ~~~~~~(-- (’
LU , , c I t’s , ‘ , Z C’ I’-  C

I N- - TI Li ‘sC i i  c_ C) C) C’s C) I C) - - C) “I CS - 01 cO (CU

‘4 4 (ci ._ 10 ct’s C— Cl’ ‘-4 ‘l’I cci ’ S 3- c-C (C 3- ( - I

~ ,_~ — r-_c c- _c c ”J r c i r c  y
UJ :t Li (It cC’

> I- ’ ~ii
‘4 . t 5  NJ

‘1 NJ
N-

-- I cc -

4 - - N ’ )  ‘-ii C
• -, 3’ 0 t 5 ,c I” (S I I -, t’  1~~~~) , , 7  t’ ’t (

— CC ‘4 C) C) (“Ci L - ‘-I Ci -‘3 - -  ‘ c n-_i - - -
- - ‘“ —.1 CI’ C) I I I I l C I I I I I I S -

F S - - Li Li LU c_il I - ~i - _ C - - I

n-’ ‘ ~C “,, l’- CL ‘ I - - , ‘ ‘  d i N  0 7 1  I_c

‘3 N - L l i  <I - . ) _ c  N- - i C r- IC ? 4 c I, I - 7  I I . — C
ix 5)’ (5)) ci’ 3’ -7 ,c 5’, - “

-c - - - 
- ‘ I N c’s 50 —

- f l ’) — 
C s— I’) N- c-c 4 7’- 7 - -‘4 —I ‘ c ” I  — ‘I - c
(‘- .0

U- I--

(5’ C1~ II’S I”- - ‘  ‘CC c l-I F— - - 50 l’s 7’- ,‘It c-c
‘4 ~_ ,_I i-/I “I I’) .4 .“I I-_c C J  C_c (‘s_c NJ (‘U
N W  ii i  ~t’
5/i F--. , U I  12 0 C_TIC CC) ~_) CCCI 12 0 LI - TI Ci 12 0 0 CCC I

s_~’ ”-J fll ~- c - p~~~~~~~~ - S - -~~~~~~~~~~~~~~~~~~ F-” —

‘ 4 — L I  - -
7CC VS —. sc’s It’s 7— II- ~~~ cs’s IC N- 7 — II - It - N- 0’ _c,

Li 3’ .__c ,_a ,,,. , j — I ’ ,J rsJ r - 1 r J ’-c :>

F’ 

::± ~~~~
—
~~~~~~~~~~

- - -- —
~ 

- - -.-  ~~~~~~~~~~



~ ~~~~~ 

AP }’J-~~~DIX B

4

I

~

- r I

~

T,1T ~~~~ , L~~~~ 111TJ



r’- i~ I iiij i i T .1” 
~~~~~

“ -“
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ c_~~~~~~~~ 

_, 

~~~~~~ 
, -- ,“~~~~~

!~~~~fl .  1

- 

-

I 

‘
I

~ ~~I I  InetrurUIOfl} rt .~ c~ir rIi , 1111 . • 
~ c \\ IC- t I I i~~ It H  I it  . dl t l I( t I ’ I I l i , ( c I ~ Il,

I I ’  I ’l l ’

3 J u l y 1975
9 1 0 4Z4 1 -lJi 3

h r  l-~ o b e i ’t C u n i i i  n~ } C ’ )  ii (1 ~‘t
’

.-‘\, i i ’  1- cr c-e ( 5 ) i i , i i c 1 ’ 1 d 1 : _ H, - — 1  C C i r ’~~I Lab s

I ,_ ci i I!’( flCC ( S . f I a r i C c ’ ( c I c c  I

By - !  f u r d , \~~a s , 5 a c l ) c i C T  ~~i t 01 730

l B  ~ r c o b :

(,i,(CiCl ~ (‘c_ II I I C I n  ‘sS~~ I’fl M I S ’  t C  Y ’ I ” , ’ I c_ C(C ’ J ’ .\ f : C ’  (C C L I  :d-TI (’ fl !,~~‘ t h - ’ ( 1 t ’) t T o C

U s  5)cC)TI1I TI ( i f  ‘~~~~l I I  I t ’  I l I C O I C ,  ( ‘ I C  C ,\ p i ’ C ]  ! ) ~~~ ‘~~~ l~~ c C I ’ [1f 1  r t , ~~~~c t~ i i &  ~ ‘

P S S C ’S , ~_ ! i c  ~~~~~~~~~~ C I L C ’ c,, , C t, C ’ ,_~~. () ! ~t , U~~ I~’ C S C ’ O I i ( t  ( ‘I I I  U’)’ ‘ C c -  i ’ C c - C t ’ , , I c ~ i C I )

Z 1 )  fl k f t , L~~(’iI t t , c ~ ‘ ‘i i i ’d  ,~t J E ’ . ( ,) ~~ C L . D at a  t c , i ’  P ;ii 1~~~ - I j c ) C I l ’ C C  ( j l ’ l I

a , C s  C~~ 
P t fr c ’o  t l ’ s ( ’ i l C , C C C I C r I t  ~~~‘ ( l ( i (  1 I \ ( j  (~ ) ~~~ 

] I . ~~~~y~~ ( J i  i - f I l - C ~~

a c :I  ML C) l c ’ 21111 J ) .  4 -CC f t . , \ f L c - ~~ L I S ’  t C T C I ’ , C F  apr-I ’ 071  U t

C O ) I S J 5 ’ n S ’ ) t ) O f l  o c I C i I r C L - 1 C  Cc!)  t h U  l c ’ n s c t ’s of t i - - 1-]’ c , t ~~ - , r - d i , ’Ctita! I~ c ’

117 ’,’ c_ ‘ , 5 ) !  C a l l s ))  ( ‘ > 1’1’ fl - - ! ~ ,- 
~‘i u 1 i , ICr r c - n ( - ( - c i  ; C ( I I f l C S ~~ 1 1 1 ’ C S  C I I ’ I l l ’ -

h C C C , I C  - ‘ ‘ s j ’ - T I l : ’ I z f  12 , - c ) f l -  c c ; ‘~~~~-‘ C r C _ cC : ! CcC t I t ’ [ s t c r C  L t  ‘ I I I :  I~~~ ~~~~~~~~~

Pa~’~; J b i t  waF  - L U  i i ’ C C C U V  n b s ( : - .i r n C :  h o t ’  L ’ t 1 - ~ 1C \ ’ ’l , C

ci’ r c - , n c ’c ’l s c T I c l I r ’ h S , C b i ’ o c : _’h  ti’s t h e  5 ) 1 1 1  ( ‘Sf t l C ’ p~ , 5 s .

A d 1  t C ) i TI l 1  C I ) I C C c _ ! s’ I 1 I - T I 1 t 1 ’ I C - i ’ ) ,  ~~~ 1 05) 0 CC I’l u r l. i’ i i  U r h - s c  - 
~C,

I c  ‘ 0 1 5  ( J )  S c i c t  ( 3 t . [ ! i i C  C Ii) I c i I ’ f l C c 7 t ! O f l  V~
’7ts a Dp C r s  - t l y v er y

( t I c _ I I C I ~~ 
~~~~~~~~~~~~ -~~~I 

C C L ’ I C 1 2 ) ~~t ‘, c ’ T Y  !TI C , - , I , ( cI ’ j - f l ( ’c ( ’ ( c I I  C C C f l - ’, C l t - .

I h ( ’  I C ’ - 
‘ ‘ ,-c L J  I _ c l  C l  ‘s C ’ ( “, ‘ I I ’c_\ ’ I ) ~~ (~ 5 ,  i t  -~~ ‘7 CC - - 

- I 
5
’)

~~ -

by~ rUc 1~ 02’ I C I  I - IC t 1 - ;o 1 - a L -  S S C - C C I - - , - 2 i , - !

- ,  - I - C I’ ~ I ( C I I  U f - -I ) c _ ~i I I t i r (I ~ - - ~~~ ‘i i i  - -

- i  ‘ ‘ (C ( ) I - L S C . 1 V i l l ’  I ’  ~~~~~- ‘~~ I c ) ’ t, ‘N i l  ‘‘sI. t c ~~ P ’i

I j ( ’ ,~~~),~~ c ’ / ~~ 5~~ ( 25  - i l l S  n i a t L - : ’ .

UA’

- - - - 1 
- , - i ,  - C

i ~~- C C _ I

‘ * ‘  ‘S •i’~~~~”C ’”’~~ -V(C V’ - I~ ‘“S I” ‘I,’ ~‘~~~W ’ - ‘sc_, “ L I  - I’ S’S — ,

_‘I._ _-
~~~~~_

i---- ’
~~
-- - - -‘  — -  _~~~~~~~~~~~~ -“-----—--‘-.----—--‘-



—-_ - - - -- - ---— - - - - ~~ ------ ‘ - ‘ -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- \P PEND IX C

‘
-I

:I: J—.~ ~~~~~~~~~ ‘,, __‘,l



_ _  ~~~~~~~~~~~~ -_-~~~~~~~~~~~~~~~~~~ -_‘~~~~~~~~~~ ‘-—c-— -~~~~~~~~~~~~~~~

- - “)  - ‘- c  5’ i ” ) I ) — I ’ J ’S C t ’  (‘-2  ( 1 C l

— 
- 

c, ’ 
I , . I , c  l I c - d  1 1(1 I I I  ‘3-5 ( c  10 1(1 13-c c i ’)

Cy ~ ., c -  S CI  CI )  -C CC- c c i i  CCC XC IC~ TIC
CC C) (3 C) C) Ci -C) C) 0 C) 0 C C, co

I C c  C

- CC- -C (3 5) - Cc C’ C’ C’ (C) C) C) C_ c C’ C)
- I C  1 ” ‘ c _ CC — TI .  - ‘ 475 C ICC C” C) cC) C ‘CC

75 IC, 12 4 - C_c UC) I , ~~I , I ,  12
— .1 - “~ “ 1 (‘ -.1 NJ ‘ A s - i  5”

I - — , — — - —

U - C

c - :  ‘7
C C’-

( ‘ l fl C’- I

- 
(, I t_i - ‘ r “ .1 ~ 5)) “S ~~

‘ ,CC “~~~~~~‘7 -0 — i  I - i
- Ic - 5” -  ‘ ‘CC C’ ci’s c c  - - - -4 L l  cC, i,

(7 
P
1’ , 4_ ( C ‘7 (‘1 1 P—’ ,’ C C C  15)) it’ C_c I CCC) c i .  C)

- 1 )_c CC 1 
CC C -l ‘ T I  — ~~~ --- ‘- CCC C) C- 1’’ Cc I (CCC

-~ ‘-—i 
- I c _ - I - . . ’  . •

C--’, ‘ -‘ - -

- (

-;

- I )  C
I S ’ S  B ~ CC) 0 C) CC) CC) 0 (C) 0 C C_c (3 ‘,ci ‘3 ( C c  c_C’ 

‘C
‘ —I 

~~~~
“ - J •1’ cC) CC-c C) N) - j c I 3 ’  C) S’J ‘7 - .-~ 3’ C)

- - — ‘—‘ — -- “-~2 s- -TI ‘C C”,l - -1’

‘1

- H
C’-

c C -  ‘0 ‘_c -I,~~~~~~~ - ,. ( I  -
C_c’) IC - 5- 3-Cl - C I )  J-’ C T I ( )  -CCI 7 1 LI

I I ‘5) 
(3’ 75 C -  C ’ CC C S- - 1! -1’ - —

C,) 
CO 3-i c-i CXI IC_c ( I 5 uC - (’-

‘-s
-~~~~~~~

- ‘r - -~~ c ~~~‘ - ‘~ c r

~C3 

I ’  

““ - -- -• ‘I

SI

~~ i~~~~~~~~~~~~~~~~~~ , 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~_~~~~~~~~~~~~~~~~~~ _-‘-—_-—__- —- ‘
-- ‘ ‘ —~~~~ -—-1 -~~~~~~~~~~~~~~~



r 

- 

~~~~~~~

-_ ~~~~~~~ ‘~~~~~~~~~~~~~~~~~~~ c-C~~~~~~~~~ ‘, -~~ -- -~~~~—~~~~~~~~~~~~
_-

I

I
- - APPENDIX D

I
I

I~~ -- I . 1 

~~~~~~~~~~~~~~~~~~~~~ 
1’T —T’.~~ ,~~~~ ~~~1~1’1’TA



flU}’WORI)

N U M B J - _ cI t PARAIv I E ’l ’EI (

1 7777 .

7 2 IDATE

3 ITIME

4 N SEC

5 TAS ( m/ s e c )

6 PRES (nib)

7 ALT (krn )

8 TEMP ( C )

9 ASP Water  Cont en t  ( g m/ r n3 )

10 CI’S W a t e r  Con ten t  (gm/n ’s3 )

11 PPS W a t e r  Content (gm/r n3 )

12 ASP Rada r  R e f l e c t i v i t y  (mrn6/n ’s~ )

13 CPS R a d a r  R e f l e c t i v i t y (rnm G/m
) )

I - - 6 3
14 P1’S Radar Refl ectivit y (mm mm

15 ASP Total Counts

16 CPS Total Counts

17 PPS Total Counts

18 Lat i tude (Deg)

19 Longitude (Deg)

20 Not Used

21 ASP No . Density (i’~ o / i u~~)

22 CI’S No. Density (No/rn 3)

23 PPS No. Densit y ( N o / rn 3)

24 Total Water Content (gm / n i
3

)

25 ‘l’otal Radar Reflectivity (rnrn~/rn
3)

26 Total N u m b e r  Den s i ty  ( N o/r n 3)

D 2 — 1 3
_c~~ a ,-UT~’I~, z-

’A .:~ BLAl~~L~~cOT ~~~~~

~ c 4 P  ‘~~~t’ --  —



_ ~
1 ~~AD—AO 37 962 METCCRO4.O Y  RESEARCH INC A1.TAOEN* CALIF F/S 5/2

RESEARCH AIRCRAFT SUPPORT AND DATA ANALYSTS FOR ThE IeART. SAMS—ETCIUP
MAR 76 C CUU.IAN. S STEINBERG DHAOO I—7S—C—OO5O

INIcLASSIFIED MRI—76—PR—1405 DNA—4051F DOC USERS

AL .01___U.
END

D A T E
EILMED

4— 77

I



2? J ,a r~~es t t3 u1e  si i -~

28 A v e r a ge  I’PS p a r t i c l e  size

29 Not U sed

30 Not Used

3 1-75 Number  Dcns i ty  f o r  s i z e  ch a n ne l s

1-45 (No/ rn3

71-100  Counts for  s i ze  c h a nn e l s  1-4 5

12 1 - 16 5  Water  Content for  size channe ls  1-4 5

( gm/r n3)

1 6 6 — 2 1 0  Mel t ed  e q u i v t l c f l t  dianu’tc r  for  s i 7C

channe l s  1-4 5 ( 1.~L )

r

$



r~ 
---- _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _

SUPPLEM ENT Z- 5

Data Summary for Correlation Opera tion

15 A pril 1975

by

C. Cullian
S. Thom as

I
~ :

Y i r s t  issued as MRI 75R-1358 , 28 August 1975

2 — 5 . 1

Li . ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘



TABLE OF CONTENTS

Page

1. INTRODUCTION 2 -5 . 3

.~~. MISSION DESCRIPTION 2-5 .~

3. EQUIPMENT OPERATION 2 -5 . 3

4. REDUCED PARTICLE DATA 2-5 .3

5. AFCRL DITIGA L TAPE 2 - 5 .4

APP EN DIX A A2-~ 1

APPEN I)IX B 
~~~~~~~~~~~~ I

APPENDIX C C 2 - - 5 . 1

I.

I
• 2 — 5 . 2

-



1. INTRODUCTION

This document  contains  reduced cloud ph ys i c s  da ta acquired  in

s u p p o r t  of the co r re la t ion  operat ion on 25 Apri l  1975, Afte r review the data

have been processed  in accordance  with the p rocedures  set f o r t h  in

R e por t  N u m b e r  MRI  75 R - 132 5 .

2. MISSION DESCRIPTION

[he Citat ion c loud  ph ysics  r e sea rch  a i r c r a f t  f lew in suppor t  of a

c o r r e l a t i o n  opera t ion  on 25 Apri l  1975. The Citation depar ted from Wal lops

Fli ght Cente r at 1’)05 Z and Landed at approximately 2040 Z.

A sampling run was conducted  at FL 180 f rom 2008 Z to 2018 Z

at a t empera tu re  of -7 ° C  and a i rspeed between 118 and 122 l< IAS. Cloud

cover  ~ariecl in in tens i ty ,  but  was continuous .

3. EQUIPMENT OPE RA TiON

All sensors  we re func t iona l  and collected data . Howeve r , the

Forrnvar  rep licato r had to be reset , due to jamming which o c c u r r ed

approximately 5 minutes  into the run .

4. REDUCED PARTICLE DATA

Reduced p ar t ic le  data f rom the Citation fli ght a re  shown in Appen-

di . ’~ A.

The data presented are pass averages of the number density for

melted  equivalent  d i a m e t e r s  corresponding to each size channel of the

s p e c t ro m e t e r  probes .  Additionally,  the pass ave rages  of the wate r con-

t e n t  i o r  these size channels are presented.

The tota l wate r content  was computed using the densi ty table shown

i n  A pp~. nclix B. The memorandum included in this appendix conf i rms  the

~

rI ) a1 ag rt ement on crys ta l  type and the corresponding s ize-mass rela-

t i o n s i i t p s  to he used in processing the data .

$
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. A F C R L  D I G I IA L  TAPE

The data tape accompanying this r eport  is in the AFCRL f o r m a t ,

as shown in Appendix C, and provides one-second value s of data ta.

cftu~mg the samp ling  pass.

~ 

~~~~~~~~~~~~~~~~~~~~~
--—-—- -

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ _ _



I; APPENDIX A

“
4

\ 2 — 5 . 1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ -



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— ‘.4 — — 0 0 0 C) ‘.1 —4 4 ~4 4 (Si
0 C) C) C) 0 0 0 0 0 ) 0 C. 0 C4 0

>._  + + + + +, + + I  I I I , .
~~~i~_ 2 .  L U Iu L U d w W ~~ J L i W LU UJ UJUJ

— ‘ ~~ ~ m — ,n o o a’ o ~~ a’ P—. T’- (Si
a’~~~~e” -‘a’  0’ _4 m i-~~N . 0 . 0- 4 O ’ a’ 0 I n
2 - ~~ ~~- 0 .-. —. 0 ..~ -t —. .4 a’ 0 ‘-4 .0 IA .-4
0UJ ’~ m O’ P- N~~0 0 0. . . S S S

LU 0~) (SJ P 4 - 4 0’ In P 4- 4  N 9 P4 — — S4~.1/)

(‘4 Z In m IA 00  I~) a’ IA ‘ . 40 0  .0 a’
I S S S •

IA ’O a’ r-j m — a’ m .0 a’ 0 ~ 4 - 4 0 a’ P.
P. • P - m a ’

-t m m ~~~~~~~~~~~~~~~~~~~~~-O P - N
-a ’

Si E Ui O t u Z
0 LJ~~~~0 0 o 0 o o o~j c, o o Q 0 0 0

m . /)  ~~ ~~ ~~ I— — I— 4— — I— I— — I— I—N I— I—N
4 . 4 2 : 0

a’ In I— ~~ Ui 4 — CO m IA m in C) 0 ~‘)  a’ IA .-. 0 0 .0
— 4 1  2 : . Z
1 P -~ LU C.~~~C) m ~.4 N m a’ f l )  N (‘4 .0 C) U\ U’ 4’) N

(Si — ~~~~~~~~~~~mm - t~~1 I A I AU )~~O . 0 N
z .‘m
0 0
~~ —— 1

ui I- I.ii 0
LU 2: . 2: 4 ~~ 4’) ~‘I P4 —4 .-4 0 0  ~~ 00  0 ‘.4
•_j ... V) LU 14
0. ~— C ) I A  >- .- • + + + + +4 ~~+ + + + + + )
2: 0 . C’J ~ ~~~N2 :  W U J UJ UJ Ui W UJ LU LU W W W U J UJ

4 IA 0 w — I ‘4~ ~ .~~ .. 4 ,°•~ (‘1 r.J 4 0 0’I-. c~) 00”  L~ a’ L/)
~~~ l ( J F’ ~° i — l’~~ I 4  .0 U) ..4 P.

4 .-~~~~ 2: 7 2 :  C O a’ 4 O , 0, .JP4C ’40 ’ 4 a ’ O N m
0 it) ,~ U) LU .1) i LU ~~ ( ‘4 4  4 CSJ .Q N 0’ .0 4’ m (‘4 4 ’)

r— o U) Z O O  . . .
Z .. U. LU 0 Z U)~~~~~~~~’ N U U’ r ’ 0 I 1 C’ J V ’

~~ .4
P4 U) 0 ‘4

I- ’.. LU Z )-  >
4 4  0 p.j 13 • •
I-— .4 ‘3 • I.— )- u’ a’ -3) 4 (‘4 U’ ‘U I’ I LI N ‘3 0 .U
— ‘4 ~~~~~~~~~~ N ~I’ ll) P 4 m I A . 0 . 0 N a’ 0 ’o ’Q — - 4 P4
0 > I ‘4 — 0 U) Z

C O l  I/I UJ~~-~~~UI In Z I— .JJ~~ 0 0 0 0
(.~~ P. ~U .4 2: Li I- N . I-.. — I-... — ).. ~- I-.4 C) U
c~ ~‘4 • — 2: 0’ 4 4” N N 4’) N 0’ 0’ N -4 C) IA a’U) EL) ~~ 0—  • S S •
> U) U.’
.4 . 14  aj

U) CO Ui 2: ‘.4 ‘.4 -4
2 : s t O  0
‘ - I  Z
— P. (‘4

m . U) - -4 ~ .r ~~ m m ‘4 4’ f’~ (I) 4’)
~~ N U Li 0 0  0 0 ..~. 0 , 0 .D 0 00  0
0 . C  I ~~ >‘ • + •  •~~~ + 4 ~~+ ,

~~ a.~~~~~ W W W W U J LJ UJ UJ LIJ U J W W W W
I- — LU LU — I -0 .4 U) U) fl) (‘4 “1 4’) it~ 4’~ CO 0 —‘
If)~~~~W > 2) I/) I() . 0 U) ” 4O’0 — ’ 4 ” P 4 P 4 I A — ’0’ O’ 0

~~ ~ - ‘ ~~~~~ m — 0 c , ’ ’ 0 f - 4’ t h -O4’~~O N
0~~~~’~’. m 4 m P 40 U ) I n 4 Qo . 0~~~~~3 O ’

U I’.— C O O  . . •
0.. 4 Z -4 -~ -~~~4 -4 0’ N 0’ ‘P4 ’  ~~ Q~ a’

~~ 0. a’ CO N ‘0 U) U’. 4 0’ -~ 4”. U’~ ‘ON a’f l 2 _  . S S S S • S
1.- LU
U) I- U) . - - I  -I ..4 -4 (‘4 (‘4 P4 (~J P4

OUJ Z
LU ~~~0 0 0 0 00  0 0 0 0 0 0 00 0
— LI) ~~ I.- I-. I- $~~ — l~ I. . — — — I’-. N ~~.

10 4 -. a’ N’O U’ .4’.4 Q’ ..4 4’) I A’O N
2. _ a. . S S S • I • I

0 P 4 4’ O C O ’0 N 0’C I- 4 P 4 f f i

-S

A 2 — 5 .3

$ 
r~~ CED’~~~~~~~~

o ? 1 . .
________

i- —

~~~~ ~~~~~~~
—- - 

- TLrJ~~~ z~,. - 

~~
‘ 

~~~~~



— 4’) (~I (‘4 ~.j 
(I) it) m in in 4’) .4 .3. -4 a:

2. 00 000  .~~0 . J0  ) O C ) 0 0
I l l I l l I l l I s  I I I  0

0 W LU U) -U) LU LU U) U) Lii U) U) Ui U) U) 14
LI 14 0’ it’. —. -O .0 r— 1— 0’ .3 0 in 0 CO
£~~~ C O C O  ..i U~)4 ’ ) N 0’ - 0 0 ’ 0 9 C O  2:
— 2. ..t N N — 0  (‘Ia’ 4’ I(~ 

(0 (‘it ‘ 0’ in 14
0 • S S

4’) LU in ‘00’ . 4 . - 4  0) Ii) in P4 ..4 ..4 0’ ‘0 P4 (4)
SIn .4

.4 ’., 0’
( ‘4 2 .  IA

0
In -o o~~ ’o 0 0 0 0 30 o 0 Q 0 O
I’- . .4 U) O C  0 1 40 0 00 0 0 0  , .0Q

4 iii Z 1~% N. 0’ ‘.4 IS) U) N 0’ .—~ in it’ N 0’
a’ Z LU Ci — ... —— ‘.-. (‘4 (‘4 (‘4 (‘.4 (‘4 in

Z
‘3. —i 14 4 — s i )  0 0 0 . 30 L ) 0 0 0 0 0 0 0 0  0
in • U) LI) — N I- I- — I’- I-- 4 N N N N I-. I- —

o 1. I. .’
COIn 4’ ~~ — ~

) 0 0 1,4 0 ~) 0 0 0 ) 0 0 0 0 .4
. 4 1  0 0Q ~~~~0 0 0 ~~~~0 0 0 C )0 0  —
I N. (I’. u) r— 1)’ ..4 rfl U) N U’ .- in If) N U’ ~~

04” . ~~~~~~~~~~~~~~~~~~~~~~~~~~ LU
“I — o

2 U)
0 0 0
~~ .-. — a:

W I - L U  14 4
LU 2: 2: ‘4 2: 4 4 4  It’. IA U) U) U) it) U) U) IA If) ‘0 0
—4 1) U) Li • I Li C_i LI 0 ~~ Li ~i 0 ~—‘ - 4 ‘—‘ ~.) Z
0. I-’~~~~~

U\ 0 $ 1 1 1 1  ( 1 1 1 1 1 1 ,  4
2: 1414 w U W . i J w W W W W W W . ’ J W W  N
~~ ~~ 

in o .~~ ~~ a’ .0 p- pa if) Al (1) ~~) —‘ 4 in 0’ 0 ~/ )
I’— U) U. 2:
.4 14 4 N L ) U ) . 4 m C O4 P 4 . 4 P 4 m 1 4 4 ” .
0 l.A ~~ ‘I) U-i U) —

N C) U) -t Al - 0 0  4.) r’4 ’ . I P 4 P 4 P 4’ .”,-.IM)
U. U) 0

C) I1) C) 4U) 0 .4
N ‘.~. LU I- > 00 0 00  0 0 0 0 0 0 0 01 4
‘4 4 0 ..I C) — _,~ 

I/I IA N. 0’ ‘ . - 4’~ 1 r— cl’ —4 4’) Ii) I’ (
N ..4 ~T 5— I”’ LU 2 ..4 ..4 — I’I (‘4 (‘4 (‘4 4’S
— .4 ‘-4 0 . _ i  7! ~~ U) (~‘)
Li > I .4 LU ~~~“J0 0 0 0 0 0[ )0 0 0 0 0 0 0 0  2:

N ‘- L L i  ~- I - N I -I- - N I- I- I- 5 - I -I-
~~‘ IA 2 ..~~U) 0
14 I N CD Li 2: 0 — 00  ~~ 0 0 C~ 

) 0 0 - 0 Li
‘4 ~ ) — in It) N 0’ ,-I in IA N a’ in U) N U’ -..
a: (‘I • -~~~~ -“ -‘-4 P4 (‘4 P4 (N (‘4
‘&J Z~

.) a: 14
~~ U) U)
~~ ‘tO s.. 0

U C O W  -4 0’

— I  ‘0
LU C)

“.1 • 1.) 2. p.. 0 ‘0 It’ i’. in r~ -p 
~~ .r it) 4’. it-. u’~

N N ‘4 ~~ 0 C ) 0 3~~~ 0 O~~~~0 0 O . 1 0
0.~~~ I ~ 0 I I I I I  I I J  I S ~~~~~

(
‘4 1~) U.) 1,4 Li Li~ LU U.( LU ii) I’.~ U) U)~~. LU LU 144 LtJ U

N > rI ’ .. 0 )’O U) 0’ Q’ 0~~” I-t~~~- 0 ’ - ’ CO .fl N 1.)
4.’) 5- LU ‘4 — 2. U) P— CI’ 0’ F”. C’ ‘‘ -4) “- N I)) ‘-4 0’ ~~P. ‘-4 0 in .) a’ 0’ r’ ‘~ N -4 ’.4 —

(.4) 0 ‘
C O A l  P 4 P 4 in 4 ’~~t U ) U ) ’ 0 0 )  .4

‘4
N

(— U) 0
0. it’. P’. 0’ — (I) U’. N C’ .—. in .. p— c— .—
2. .) ~fl ... . ‘.4 (‘-1 I”4 (‘4 (4

N I)) (0 C
C W U  L 4L) U U L) L ) UO U L 4 LJ IUC)  14
~~~~~~~ I- N I-  .) . . I- I-N I” - N  .4

Z ‘.‘) — Pt) IA P. 0’ in - I O~ — in .~~. N 0’ U
2. _ .4 .4 —4 ..4 -N “a (‘4 .4

\ 2 — 5 .  -i

‘ - -- - -- 

~:‘~~~~r—w- - - —



--~~ 

‘I

APPENDIX B

I B2— T .1

‘S

‘.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T T~~~~~~~~~~ •~~~~~ 

_ _ _



- -- -. -
~~~~ ~~~~~~~~

-— ------ -- --

~~~ 1 M )  nieteurn loqy rv,~vurrIi, iut~. •1h4 w. v~ tiui Iht ir ~ rtl . • dIt~uI(’IId , c~h1.

25 May 1975 )~~, ‘,
-
~
- I - ,. -,.

File 910 414 1493 
~~~~~~~~~~~~~

Dr. Robert Cunning ham (LY )
Ai r  Fo rce  Ca mb r i d ge R e s e a r c h  Labs
Laurence G. Hanscom Field -

Bedfor i, Massachusetts 01730

Dear  fob :

As  di scussed  on 23 May, the Citat ion PMS m e a s u r em ents  taken on the
fo l lowing  da tes  will be p roces sed  us ing  the fo l lowing s i z e — m a s s  r e i :  Lion-
ships.

A pri l  25 1975

Run 111 at 13 k f t  —7C spa tial dendr i tes  and snow a g g r e g a t e s

Density table as indicated in l e t t e r  of 7 A pri l  1975 for
run #3 a t  — 1 2 0 .

A pril 28 1975

Run #2 at  16 k It -4C snow agg rega t e s  and spatial dondr i tes

Density table as indicated in letter of T A pril 197 5  for
run~~ 3.

Run if 1 at 11 k f t  30 melt ing snow

Dens i t y ratios of 1.0 fo r  par t ic le.-, less  tb-i n or - r q  z 1 to
0.9 mm.

For  par t i c le  s i n e s  l a r ger  than ~~~. r -.m , ~h - r - , ,~~~’ r:
arc based upon the following equivalent ‘.-.--atc~ -; - -
vs measured size (1~) relationshi p.

d (mm) = 1.07 L (nam)°6~
3

Density Ratio 1.22504 L (mm )~~~ 
. 0 41

‘S

IIIIIIS!II F ‘r-  — .  w.~~~, ._. •~~~~~~~-‘. —.--- — -. ,._
~~ 

- - - - -
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-~~~~~~~~- - --~~~~~~~~~~--~~~~~~~~~~-

Ci tation Flig ht on 25 A pri l  1975

Run f f 1  Spatial I)endrit -s and Snow

Cita tion Fli ght on 28 A pril 1975

R u n  9 1 Wet Snow

Run f f 2  Spatial  Dendr i t e s  a n d  Snow

DENSIT Y ‘lABLE FOR WF~T SNOW

Channel No . Size (mm) Densi ty  Ratio

0. 2 1.0

2 0. 4 1.0

3 0.6 1.0

4 0.8 1.0

5 1. 0 1 .22504

6 1, 2 1. 01327

7 1. 4 0. 863042 -;

8 1. b 0. 751039

9 1 . 8 0. 664374

10 ~.O  0. 595359

11 2 . Z  0. 539125

12 2 .4 0. 492438

13 2 .6 0.453069

14 2 .8  0. 419430

15 3.0 0.390363

A pp r o v e~~~~~~~ ~~~~~ ~ ~~~~ 
Date______________

A l l  1 the’ nhovc cons t i  tot  - c h n i c a  I in p u t  under the terms and conditions of
c Otr:Ict ~~~-\ 001—75—C-0040. N -m e  of the above imp lies any changes in the -~cope ,
t e r m s , con d i t ion s  or price ot the contract. 

~~~
-

132-5 . 3

-
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~•.I ~~~~~~~~~~~~ ~~~ 
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C itation Flig ht on March 7, 1975

Run #1 - Bullet Rosette s

Run #2 - Bullet Rosettes

Run  #3 - Spatial Dendri te s

DENSITY TABLE FOR SPATIAL DENDRITES

CPS Densi ty  PPS Dens i ty
Size Ratio Size Ra t io

(~L)  (1~
)

20 0.273 200 0.0833

40 0.237 400 0.0530

60 0.182 600 0.0407

80 0.151 800 0,0338

100 0.131 1000 0.0292

120 0.116 120C 0.0255

140 0.105 1400 0.023~

160 0.0963 1600 0.021 .~

180 0. 0892 1800 0.~ ~~9

200 0. 0833 2000 O.C ~6

220 0. 0782 2200 .

— 
240 0. 0739 2400 0.( ,

260 0.0702 2600

280 0. 0669 2800 0.~’.

300 0. 0639 3000 0.C5

Approved_~~_ - - _____—. Date~~~~~~~’.~~

‘-I
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BUF W O R I )
NUIvII U-11 P A R A M  E l E R

1 7 7 7 7 .

2 I D A l E

3 IT IME

4 NSEC

S TAS (n -i/ sec)

6 PRES (m b)

7 ALT (krn )

8 TE M P  ~~C)

9 ASP Water  Conten t  ( g i i i / m ~ )

10 CPS W a t e r  Con ten t  ( g m / n t 3)

11 PPS Water  Content  (gm/n i 3)

12 ASP Ra da r  R e f l e c t i v i t y  (mni C/rn7 )

13 CPS R ad a r  R e f l e c t i v i t y  (mrn~
’
~/ in~ )

3
14 PPS Rada r  R e f l e c t iv i t y  (mii i /m

15 ASP Total Counts

1 6 CPS Total Coun t s

17 PPS Total Counts

18 Lati tude (Deg )

19 Longitude ( D c g )

20 Not Us ed

21 ASP No. 1)en si t y  (~~o f i n 3 )

22 CPS No . D en s i t y ( N o /r n3 )

P 2 3 PPS No. Density (No/ni3)

24 Total Water Content ( gm / r n 3 )

2 5 ‘lotal R a d a r  R e f l e c t i v i t y  (nini~ /rn3)

26 Total  N u m b e r  D en s ity  (N o / n i 3 )

(2-5 3 
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I ,tige st ~~~~ t i - t i c  Ic ‘~i/ - ” ’

28 A v e r a ge  1- ’PS p a r t i c l e  si ze

29 Not U se d

30 Not U s e d

31 — 7 Nun i be r Den s i t  v fo r 5 1 7  c c h an n e l

1— 4 5  ( No/ n i 3

71 — 100 CountS for size chann els I -

121— l6~ 
Water Content for s u e  cli,,nnelS 1 — 4’

(gni h ni3)

1 6 6 — 2 1 0  l~1c1tcd e q u i ’.’~t l C i 1 t  d i a t i i c t c r  f o r

channe l s  1 - 45  (L i )

( 2 - 5 . !
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SUPPLEMENT 2-6

‘I Data Summary for Correla tion Operation

28 April 1975

by

C. Cullian
S. Thomas

Firs t  issued as MRI 75R-1359 , 28 August 1975
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5 . A F CR L  DIGiTAL [ APE 2 - (  - 1

A P P E N D I X  A

APPENDIX B 82-

A P P E N D I X  C

‘C.

2 -6 . 2

CI

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~ ~~~~~~~~ ~::: .~ 

- -



1. INTRODUCTION

This document con t a in s  reduced cloud phy s i c s  data a c q u i r e d  in sup ~
port of the correlation operation on 28 Apr i l  1975. A f t e r  c a r e f u l  r e v  ie~~,

the raw data were  processed in accordance with the p r oced u r e s  d e s c r i b e d

in Repor t  N u m b e r  MRI 75 R - 1 3 2 5 .

2. MISSION DESCRIPTION 
-

TheCitation cloud physics research a i r c r a f t  f lew in suppor t  of a cor-

rela tion ope ration on 28 Apr i l  1975 . The Citation depar ted  f r o m  Wallops

Flight  Cente r at 1810 Z and landed at 1933 Z. Samp ling runs  were  con-

ducted at FL 110 f rom 1906 Z to 1913 Z , and FL 160 f rom 1920 Z to

1924 Z.

During the f i r s t  pass at FL 110 the tempe ra tu re  was 4 ° C  and cloud

cover was not uniform. The airspeed varied f rom 122 to 126 KIAS .

During the final pass at FL 160 the t empera tu re  was -4 C C  and the

a i r speed  varied f rom 118 to 122 KIAS .

3. EQUIPMENT OPERATION

All sensors  were funct ional  ari d collected data .

4 . REDUCED PARTICLE DATA

Reduced particle data from the Citation fli ght  are  shown in Appen-

clix A.

The data presented  are  pass av e r a g e s  of the n u m b e r  density fo r

mel ted  equivalent diameters  c o r r e s p o n d i n g  to each size c h a n n e l  of the

C sp P L ~ - - - mete r probes .  Addi t iona l l y the pass ave rages of the wate r c o n t e n t

fo r  these  size channels  are presen ted .

‘C.

2— 6 :3
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1he total watt ’  r con t en t  was computed us ing  the d e n s i t y  ta~J s li v. n

- in A 1-pcnc l ix  B. The l e t t e r  con f i rming  the v e rb a l  a g re e m e n t  U I .  ~~~~~ r ’ s 5

y~~~’ . i i c I  t h e  r r c sponc l in g  s iz e — m a s s  re la t ionsh ips to be- US ( ’( i  in  !~~
- I —

- L e s ~~ing ~hc data is also enc losed  in App endix  B.

- -‘ . AFC RL D I G I I A L  J APE

I l i e  data  tapt ~o-c o rnpanyif lg th is  r e p or t  is in the A F CR L  fo r i r i~~,

I~~~ ~ - I \ ¼ n in A pp end i”~ C, and p r o v id e s  o n e - s e cond v a l u e s  of the data  t a ken

di . H - IL C -al S of the  sampl in g  r u n s .

‘I

2 — 6 . -I
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C i tat ion  i-’Ii ght on 2 ~ -\ p r i l  I ~ 7 -

Run  111 Spat ial  1) c n d ;i h - s  and  Snow

( ita t~sn Mig ht on 28 ~\ pr i l  1975

P an # 1  Wet Snow

Run / / Z  Spatial Dendr i t e s  and  Snow

1)ENSITY TA P LE FOR Wl - .T SNOW

Channel No . Size (mm )  Densi ty  l~~a~~.o

1 0.2 1.0

3 0. 4 1.0

3 0. 6 1. 0

4 0.8 .0

5 1. 0 1. 22 504

6 1. 2 1 .01327

7 1. 4 0.R63~~4

8 1. (j. 75103°

1 • 8 0. ( 1 S4 ) 1 -

10 2 .0 0.~~~ l~~) 5 i f~~~

1 1  2 .2 0. 539125

12 2 . 4 u. 4 - - 2 - ~ 3 -

13 2. 6 0. 453~Jid1

‘ 14 2. i~ 0 ,4 194 3 0

15 -‘i . 0 0. 3 -I ’ (
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C itation Flig ht on March 7, 1975

Run  # 1 - Bullet Rosette s

R u n  1/2 - Bullet Rosette s

Run #3 - Spatial De ndrite s

DENSITY TA B LE FOR SPATIAL DENDRITES

CPS Density PPS Densi ty
Size Ratio Size Ratio

(M) (ii )

20 0. 273 200 0. 0833

40 0.237 400 0. 0530

60 0. 182 600 0. 0407

80 0 . 1 5 1  800 0 .0338

100 0. 13 1  ~000

120 0. 116 1200 0. 025~
140 0. 105 1400 0 , 02 :

160 0. 0963 1600 3 . 02~~<~
180 0. 0892 1800

200 0. 0833 2000 3 . 0 1 8

C 220 0.0782 2200 0 . C 4 ’~~
240 0 .0739  Z - 00 u. ’. -

260 0.0702 ~~
280 0.0669 ?800 ~~o~-
300 0. 0639 3000 i. - - ..~
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BUF
NUM13I-1t 1~ARAM E I-R

1 7777.

2 IDA’I E

3 I T I M E

4 NSEC

5 TAS ( m / s e c)

6 PRES (mb)

7 ALT (krn )

8 TEMP ( C )
3

9 ASP Water Content ( g u i / n- i

10 CI’S W a t e r  Co n t e n t  ( g m/ n - i’)

I i I’PS W a t e r  Content  ( g n l  m i 3 )

12 ASP Radar  R e f l e c t i v i t y  (mni~/ n t ~ )

13 CPS R a d a r  R e f l e c t i v i t y  (mm1’/ rn’)

~ 314 PPS R ad a r  R e f l e c t i v i t y  (mm / r a

15 ASP Tota l Counts

16 CPS Tot a l Coun t s

17 PPS Total Coun t s

18 La t i tude  ( Deg)

Li Longi tude  ( D e g )

20 Not U s ed

21 ASP No . Den si t y  (~~s ./ 1 1 1
1

)

22 CI’ S No . D e n s i t y  ( N o / u i ! 3 )

23 PPS No, D e n s i t y  (N o / n i 3 )

24 Total Water  Con t en t  ( g u n / r n ’)

25 Total  R a d a r  R e t i e l - t i v i t y  (rnm” /m’)

26 Tota l Nu mber Dens i ty  (N o / r n ’3 )

S.

I
(: 2 — 3 :3
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27 I t  i g e s t  p a r t : t  le ‘; i / . e —

28 A v e r a g e  PPS p a r t u c l e  si ze

29 Not Used

30 Not Used

3 1 - 7 5  N u m b e r  D e n s i t y  f o r  si ze  channels

1 -4 5  ( N o / r n3

7 1 — 1 0 0  Counts f o r  s i 7 e  c h a n n e l s  1 -45

1 2 1 — 1 6 5  W a t er  C ou , t i ’n t  f o r  s ize  c h a n n e l s  1 —  15
3

( g u i / n i

1 6 6 — 2  t O  M e l t e d  equ i  v d e nt  ( t i a f l l C t C  r Is r S I ?  C

c h a n n e l s  1- 4 5  ( u )

‘C

( ( i _ I
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I IF: I C .. \ t ! 1 M F : N 1  ( I I -  i)El- ’ENSE 1) EPAR ’I M EN T  OF’ THE A IR FORCE (( O I l t i f l L k (t )

I IC - I  CI I)~~( I )OCu II<v -n t at io n Center SA MS( I / M N
C C  ~\ I I N s  I I . A l i N :  Lt Col W. F, V i l l i nes , MN N R

ATTN: Lt Col H . (‘ , Lohman , MN N A
I )i I 1 ~~ IC I I

I ) i t c t iSe  Nec k-a <‘ Agency SAM SO/RS
A l I N :  SPAS, Ma jor Don Ande i’son ATTN: Lt A. T. Hopki ns, RSSE
A l ’ l ’ N :  STSI ATTN : Maj ‘1’. Speed & Capt F . H app, RSTP
A’ I I ’N : l)DST

:< ~
--

~ .- \ I ’ I N ~ SiT L Dc-t. 30 , 6 W Wg
ATTN : Capt F. Guiberson

( IClalnandel ’ A l i N :  (‘apt J , ‘l’homa
I-’k-ld Command
l)efe nse Nuclear Agency D E P A R T M E N T  OF DEFENSE CONTRACTORS

C ATTN: FCPR 
—

Aeros pace (‘orpora t ion
( Iiiu~ A 1  N: C, Glenn
-Livermore Division , FCDNA ATTN: F. Ba rcatta
Law rence Livermore Laboratory ATTN : J. N iegefl

A T I N :  FCPR L
Lockheed Miss i l es  & Space Compan Y , Incorporated

D E P A R T M E N T  O F THE ARMY .-~TTN: ‘led Kowall

(o n in iander  General Electric CompaIiy
Har ry l)ian,ond Laboratories TEMPO-Cente r for Advanced Studies

ATTN: DII XDO-NP .-\ I TN:  l)ASIAC

I)EPAI!TMENT OF THE NAVY Meteorology Resea rch , Inc .
- 

ATTN : (‘ . ( u l lian
C ommander  ATTN :  S. Steinbe rg
Nav al  Surface Weapons Center

ATTN: Navy Nuclear Programs Office

D E P A R T M E N T  O F THE AIR FORCE

A F We tp Ofls Laboratory , AFSC
ATTN: SUL

Al” Geophysics Laboratory
A] TN: VernonG. Plank
ATTN: LYC/LYW , C, Touart
ATTN : LYC/LYW , A. Barnes
ATTN: LY , Don Mc Leod
A l i N :  LYC , Robe rt Cunning ham
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