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1. INTRODUCTION

DPSI’s contract with the Convective Cloud Physics Branch

(LYC), Meteorology Division of the Air Force Geoohysics Labora-

tory (AFGL ) Fl9628-76-C-005l required the company to continue

the development of data processing techniques which are em-

ployed in the analysis of cloud physics data .

This report is a description of the effort expended

by DPSI for AFGL (LYC) in that fulfillment. We have organized

our work in sections 2 through 8 as follows:

Section 2: Additions and alterations using the PMS

1D System as a means of inpu t

Section 3: Development of new techniques which

employ the PNS 2D System as input

Section 4: Development of new techniques which

utilize the LEARJET data collection system

Section 5: Alterations in the various radar ~ro—

grams which have been necessitated by radar hardware

changes.

r Section 6: Nodifications of the programs for the

PDP8 on board computer

Sec t ion 7 : Generation of new a n a l y s i s  progr~
for the benefit of LYC ~cicntist~

~~-‘-~~ion 8 : The opcra t~~ng instruc tions for t h :
abov’~ !r ~~ Tra m s .

-~~~~~
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2. PMS 1D PARTICLE SIZING SYSTEM

The one-dimensional particle sizing system on board each
aircraft collects particle size distribution data for one sec—

ond intervals. Data is recorded in real time using a Kennedy

incremental 7 track tape recorder . These tapes are shipped
to AFGL/LYC for processing and analysis. The actual details

of the hardware utilized may be found in the following two

reports; “Development and Application of Data Processing
Techniques and Analytic Procedures to Cloud Physics Data ” by

DPSI , and “A Manual for the Particle Sizing Spectrometer Sys-
tem ” by PNS Inc .

- • ~•-~- _ ,~--~--
_ — I
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2.1 lD PROCESSOR (IcNOLL1D)

Program KNOLL1D processes the one—dimensional particle
data and calculates parameters such as particle number den-
sity, liquid water content, radar reflectivity , median volume
diameter, and many others. This program may be run repeatedly
with different particle types (ice crystals) and different

processing options. KNOLL1D has a full edit capability which

allows the counts of selected channels to be corrected during

specified time periods. The program also produces various
output files (inag tape and/or cards) to be used with additional
processing programs.

This program is actually the “workhorse” of LYC. Since

the nature of all the work performed is primarily research,

DPSI is often required to make alterations in order to ex-

amine changes in the scientist ’s theories. Of course, modi—
fications are also required from time to time because of
hardware malfunctions on the aircraft.

During the past year ten separate versions of KNOLL1D
have been maintained. These versions were required to meet
the specific requirements of LYC personnel . Details of the
basic program (v2.00) are described in a separate report en-
titled “KNOLLlD OPERATORS MANUAL” . This report explains the

o different operating versions, and the required control card
• changes for each.

Version 2.01 was written to correct for the upper alti-
tude pressures of flight A75—l 9 (15 APR 75); it should be
used for this flight only. The modifications include the
following:

‘V.--
,.,

r ‘1°
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~cor 
=

where

P corrected pressure
cor

P. calculated pressure

2. For aircraft time between 12:07:08 and

12:48:53 use

Ap = 37.06 mb FIXED

Version 2.02 was written to allow processing of data
with a faulty pressure sensor . This version will accept a
time—height profile as part of the input deck. The height
at a given time is determined by linear interpolation.
The pressure is then calculated from the interpolated height
using the following equation:

P = P0 -~l - (~—)HT 
1/aR}

P0, T0, R and a are also input variables and are defined as
follows :

P0 = Pressure at ground

T0 = Temperature at ground
R = Gas constant

a = Lapse ra te  at  ground
HT = Height

Version 2.03 was written at the request of ~r. Robert

~-t . Cunning ham of the N eteoro logy Div is ion , AFGL. These

changes ~~~re cxper ir ~ �ntal in na tu re  and in tended fo r  f l i ght

A 7 5 — l 9  only . This  vers ion  changed the tyoe 2 (‘~-:et Snow)

—
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breakpoint to 5 instead of 3 for the precip probe data .
Refer to the KNOLL1D OPERATORS MANUAL for a complete des-

cription of the breakpoint method used for the ecuivalerit

melted diameter determination . Similar cloud probe changes
were accomplished with data cards.

Versions 2 . 0 4  and 2 . 0 5  were wr i t t en  s imultaneously and
include a complete data modif ica t ion  rout ine  as recuested by
Dr .  Robert M. Cunning ham. V 2 . 0 4  was necessitated to apply
these modifications to the A75-19 flight. V2.05 is used for

all standard flights. The goal of these modifications was,

ultimately to increase the liquid water content and radar
ref lect ivi ty  because of certain hardware desi gn shortcomings.

The details of the techniques u t i l i zed  along with examples
will be found in the KNOLL1D OPERATORS MANUAL.

The ju s t i f i ca t ion  for this modification is twofold .
Firs t ly ,  there are “blind spots ” associated with the 1D in-
strument.  A blind spot may be def ined  as tha t port ion of
the spectra which lies between the limit . s of two probes.

When the instrument is measur ing water droplets  there
is no b l ind  spot present . However , it is the  ic e c r ys ta l
shadow length, being reduced to equivalent melted diameter ,

that causes the gap. These blind s~ots are a function of

particle type.

Fo r example , when measur ing  needles the uccer l imit  of
the  cloud ?~~cb~ is 142 microns  and the lower limit of the

r~ ’~ ip p robe is 241 microns , then thu ’  1D in s t r u m 2 n t  is “b l i nd”
to £ ‘  tid es in the  142 to 241 micron r a ng e .  Cb icusl y t h i s

~i~~ -J have a serious e f f e c t  on wate r  cu nt en t  and re~~lec t iv i t•v
1 c I it  ions .

- - 
_ 

- —a- - ~~~~~~~~ - -
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Secondly, there is a design feature of the 1D system
which requires modification of the data sampled . This fea-
ture is known as “end—rejection ” . The reason for this re—

jection is the philosophy of the 1D system; if the ending

diode is occluded , there is no way to estimate the true

particle length and it was felt, at the engineering design

level , that it would be better to eliminate the particle

rather than counting it as one with a lesser diameter . With

that in mind , the end diode rejection feature was incorporated
into the lD system . An area of concern , however, is the  num-
ber of particles being rejected ; with the present lD system

there is no way to determine this. It may be of consider-

able consequence because the larger particles have the great-

est probability of being rejected , and it is precisely these -

particles which will contribute heavily to the liquid water

content and radar reflectivity .

Since the particle spectra is assumed to be continuous ,

a particle count of zero in a given channel , flanked by non

zero channel counts would indicate the zero channel value is

incorrect. There is a high probability that there really

were particles in the zero channel , but they were rejected

because the ending diode was occluded . This result will also

seriously affect the water content and reflectivity calcula-

tions.

These versions (2.04 and 2.05) also allow for nine dif-

ferent particle types to be processed . Two of these are ex-

perimental and are used exclusively by Dr. Robert ~~~~. Cunning-

ham . These types are designated as RMC1 and PJIC2. The corn-

plete list includes the following :

- rn- - •  --  .~~~~~~~ , -~~~~~~
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type no.  p a r t i c l e  type

1 RAIN

3 WET SNOW

5 LARGE SNOW

7 S.’7~LL SW~W
9 BULLET-ROSETTES

11 COLUMNS ( 4 :1)

13 NEEDLES (7 .5: 1)

15 Rr-1C 1
17 RNC 2

Note onl y odd par t ic le  type numbers  a re  speci f ied . Al l  even

numbers  are used i n t e r n a l l y  w i t h i n  the program .

The equ iva len t  mel ted diameter ca lcu la t ion  has also been

mo d i f ie d . This meti od al lows two breakpoints to be spec i f i ed

for  each pa r t i c l e  type .  The f i r s t  b reakpo in t  is s p e c i f i e d  in

un it s  of I’; (channe l  n u m b e r ) .  This  cont ro ls  the N ecua t ions :

1. N m 1 - N  + b 1 f or N B N .- J  J — J

m2~~N + b2~ for N > B N .

where
= ad jus ted  channel  number

N = channel  number
j = pa r t i c l e  type code - 

-

• BN = channe l  number b reakpo in t
b = in te rcep t

in = slope

The c rys ta l  size is then ca lcula ted  us ing :
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2. CRSZN = Wd -N

where
CRSZ = crys tal size (mm)
Wd, probe d iode w idth (mm)

= adjusted channel number

A f t e r  the c r y s t a l  s ize  has been de te rmined  the ecuiva lent

melted diameter  is ca l cu l a t ed  for  each channe l  u s ing  the

equa t ions :

3. D = C :j  .~~~5~~
ei j  f o r CP , SZ BC~

D = c j CRSZ °-~~ f or CRSZ > 13G .
J

where

D - 

~-y .:ivalent melted diameter (mm)

CL SZ = 2r -~~ tal  size (mm )
= crystal size breah:. r’Int

j = parti~~l ~~~~~~:‘ 
a code

c = coeYicienh

e = ex; -o n en t

L ,o t e  t h a t  stc~~s 1 ~nd 3 ‘- ctually allo”- for t c - ’-ua tions.

The equat ion  ~ nc-sen is h e - -on d e n t  u n n  th e  -:h : n n , 1  ni~m 1:er
( in  step 1) or t h e  crystal s~ ze ( in  step 3) . Re~ er to the-

KN OLL 1D OPI J~Thh S  dJJAL fo r  311 the coe 1 f i c io nt s  an d ex -

onents  used in these  c a lc u l at i o n s .  ~ lso inc luded  ~rc’ t h e
channel  number ( c l a s s ) ,  Li d ~~ustec 1 c h a n n e l  num l ’t  r ,  c~~~ct  ~l
s ize  (SC fo r  sca t t e r . CL fo r  cloud and Pp for  -~rec~~: - ) , and

equ iva len t  me l t ed  d~~nmct er  fer  c~~ch si ze  clas~~. The second
br e 1 k p o in t  is speci f ied  ~. n ~: i Ls of mm ( sh  d~~w 1 ~ nn t l i ) .

-— ~~~~~~~~~~~~ ‘---~ -~~-~~ — - .——-.-~~~~~-~~ — __ .~i~~~~~~ - _ ,_ __-
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This controls the equivalent melted diameter equation as

shown in step 3. Refe r  to the KNOLL 1D OPERATORS MANUAL fo r
a detailed discussion of both particle typing and equ ivalent
melted diameter calculation.

An additional parameter is also calculated in these
versions. Kappa (or K) is defined as M//~ . K is calculated
four times per averaging interval; once for each probe plus

the cloud and precip probes combined . In each case the aver-

age mass and average radar reflectivity are used . The plot

tape produced ( inpu t to KNPLT1D ) has been changed to include
these four va lues.

In addition , to conserve space and reduce calculation
t i m e , the six moments of distribution previously calculated
hav e been eliminated . The algorithm used in these calcula-

tions has been retained for futur e use , if nece ssary .

The NAP P tape produced ( i n p u t  to RAPP) has also been
cha n ged ~n these versions . The new forma t is considerably
;i i c r or and a ll ow s  for  more e f f ic i e n t  process ing . The new

f c r m a t  con ta ins  9 words pet record . Items included on the
n~ w t~~~c a r e :  date , t ime , averaging in te rva l, liquid water
c oa t u n t  ( f o r  each probe), and radar reflectivity (for each
: r o~~c) .

D u r i n g  December 1975 certain hardware modifications 
. , -

n u cu s s i t a te d  a change in the Kennedy t aN e  f o r m a t .  This
n~~ forma t is summarized on the f o l l o w i n g  ~ag e .
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Word # 
~~~~~~~~~ OLD

1 elapsed time sync

17 status word ( scatter) probe configuration
33 status word (cloud) elapsed time
4 9 status word (p rec ip )  unus ed

A hardware change in the Knollenherq lD system required
chang ing the location of the elapsed t ime word wit h i n  the
tape record . In addition , the high order digit has been lost.
A routine was added to this version . to recreate that high

order digit.

Vei-sion 2 . 0 6  was w r i t t e n  to accommodate  these changes .
— This became the s tandard  o p e r a t in g  vers ion  for  a l l  f l igh t s

a f t e r  December 1975.

At the request  of D r .  Pobert  ~~~~
. C u n n i n g h a m  the data

mod i f i c a t i on  r o u t i n e , used u n t i l  t h i s  t ime , was m o d i f i e d
and incorporated in to  vers ions  2 . 0 7  and 2 . 0 8 .  The changes
were p r imar i l y  i n i t i a t e d  when t he  data  of f l i ght A 7 6 - 0 4
(11 FEB 7 6 )  was processed . E s s e n t i al l y  the change e l i m i--
nated the en t i r e  d a ta  m o d i f i c a t i o n  r o u t i n e  if there  is in—
s u f f i c i e n t  data f r ó~n the precl p probe ( i . e .  less than t~-o
channels) . Vers ion  2 . 0 7  became the  s tandard  ( f r o m  2 . 0 6 )

and Version 2.08 was created from 2.02. This allowed the

EDP runs (with the time-height profile) to be crocessed with

the revised data modification routine.

Version 2.09 includes a line nrinter ~lot of median

volume diameter , liquid wat er content , and radar reflec-
t i v i tv  as a f u n c t i o n  of t i m e  for each rass. The narameters

ii

~~~~~~~~~~~~~~~~~ 
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are total values , i.e. cloud and precip probe combined ;

plotted on a logarithmic axis 81 columns long . A range of

- 
± 4 is acceptable with a resolution of 0.1. Data outside

these l imi t s  is p lotted wi th  a special character  ei ther
- above or below the plot.

The f lowchar t  on the following page dep icts the “evo-

- 
lut~ on ” of the ten versions maintained during the past year .

- These programs are ~ermanently archived (with backup ) and
- may be retr ieved for processing or modification at any time .

I
- I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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KNOLL 1D OPERATI NG VERSIONS

2.00

A75—19 only Standard Version Nominal flights

I 
EDP only

2.01 2.02

high altitude time-height

pressure profile
correction 

________

2.03

breakpoint
adjus tment

2.04 2.05
data data

modification modification

2.06

new
- tape format

f l i g h t s  a f t e r  12/75
_

_ _  -L
2.08 2.07

data data
modification mod ification

revision revision

2.09

Dr , N & Z

li ne printer
r iot

Figure 1: KNOLL1D operating versions

— - - - - - -  - - 
~~- r-- ~ — -~~~----—----- -~ -—-~-
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2.2 lD PLOTTER (KNPLT1D)

The plotting program for the PMS-lD device has undergone
numerous changes dur ing  the past year .  Six d i f f e r e n t  types
of p lots are produced disp laying the processed data in dif-
ferent forms . The input tape used , produced by program
KNOLL1D , con tains  averaged data , one record per average in-

2 tcrval. In addition the program can read a processed tape

containing Learjet data .

Each plot tape to be produced requires one plot request
card . This card contains the information necessary to pro-

duce the plot (s t ar t  time , stop time etc.) with the appro-
priate title. The details of the plot request card s are

inc luded in the operat ing i n s t r u c t i o n s .

To reduce plotting time and paper co nsumpt ion the plots
are produced on 35 mm film . The following sections explain

in detail the plots available and the calculations performed .

-i

I.

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

2.2.1 Z-1 scatter diagrams

This option produces two s c a tt e r  d i a g ra ns  of mass (~i)
in gms/~

3 vs. reflectivity (Z) in mn 6 /m 3 on a f u l l  log
scale. The first plot used preci p probe data only, the

second uses cloud and prec ip comb ined . Any rass value out—

side the range of 1O~~ through l0~~ is not rlotted . The

reflectivity limits are l0~~ and i0~~~.

A least square logarithmic fit is calculated and drawn

through the data . The equation of this line is included on

the plot in the form

M = a Z b

Tne ou tpu t  l i s t ing  for this plot type includes the

equation coefficients (both li near and exponential), the
average Z and hi values , w i t h  their standard deviations.

~~

Fl
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2.2.2 Z—~ histograms

This option produces two histograms; the first mass (r4 )

vs time and the second r e f l e c t i v i t y  (Z) vs time . The plots

are produced using a semi-log scale. The Z arid N plot

limits are the same as those defined in section .2.1. The

time axis is expressed in units of seconds from a given

start time . These plots restrict the data to five minutes

only . Any data exceeding this maximum will be ignored .

Each plot has three traces, one per probe, with a dif—

ferent plotting symbol used for each probe . A square ind i-

cates data from the scatter probe , a circle represents

cloud data , and a triangle is used for precip data . The

o u t p u t  l i s t i n g  shows only the number of po in t s  p lo t ted  per
t race .
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2.2.3 VCO histograms

‘isis option produces three VCO his tograms, each con-
sisting of two lines. The VCO ’ s plotted are : pressure ,

temperature, heading , dewpoint , acceleration, and J-U water

content . The plots are used exclusively for system veri-
fication and are not published outside the laboratory . For

this reason there is no title , pass or other identification

on the plot. The time axis is similar to the Z—M histograms

and also has the same five minute maximum .

The acceleration and water content plots have fixed

scales; the others have a sliding scale with a fixed maxi-

mum range. The limits used for the sliding scale plots
are a function of the data to be plotted . They are deter--

mined a u t o m a t i c a l l y  by the program . Figure  2 below shows
the per t inent  axis information. The output listing for

this plot shows oniy the number of po in t s  plot ted .

_ _  _ _  

U SY IBOL ‘~~~~ IS TYPE 
~~

IS LrtI i

1 
pressure mb A sliding - 3 0 m b  max
acceleration g 

—__
± fixed -l to +1

2 temperature - deg C - ‘- I s l id ing  12 ° max

L dewpoint deg ~~~~~~~ sliding 12 ° max

3 heading deg A sliding 60° max 1
L _L~~~i~~~ 

grn/M~ + 
-~~-~-

i fixed -.1 to +.8~

Figure 2: VCO Histogram Axis Information

-i

-- ~~~~ 

~~~~~~~~~~~~~~~~~~~~
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2.2.4 Dansity spectra

This option produces for a selected probe six plots

per page of the log10 of number density vs the equivalent

melted diameter . The six pictures , ra ther  than  one , results
from the fact that it is desired to examine this plot .sepa-

rately as liquid water content (L~-:C ) increases. Thus the

procedure is to first determine the combined LWC for the

cloud and precip probes and determine , as a function of the

LWC , which of the six plots is to be used to display the

data; then the appropriate log10 of the  number dens i ty  and
equivalent melted diameter is retr ieved to produce the

plotting points within the plot selected . The L~’7C limits

for the six plots are def ined on the plot request card .

After all this data has been plotted additional calcu-

lations are performed. These calculations , ( d i f f e r e n t  types
of averag ing ) requested by Dr. Robert N. Cunningham , are
shown in th e fo l lowing  te n steps .

1. Two parameters must be calculated before the averages can

he calculated .

1 I r C S C  are . .

IChTX (N) and

SP t -~ (H) for  N = classes 1 to 15

I cN T X ( i ; )

~
.i1eru St~Hh (N) ~ DENSITY (N).

IC~~~t h  (h) = the nun~ ~r of ses~~!on i n  each c lass  N 

- -- .
~ -- -- -~~~~~~~~~ ----.~~~~~~~~~~ 

---~ -~~~--~~~~~~~~~~~~~~~~~~
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note : The normalized density is being used. at thi s time

also ICNT MX is the maximum ICNTX ( H )

2. “ INSTRUMENT LOG (AV E DEN SITY ) ”

Calculated for each non-zero class i.e. only if ICNTX(N )>0

AVEIN S (~:) = SU~1>: ( H )  / ICNTNX
A V E I N S L ( N )  LOG (AvEI~ s ( H ) )

3. “EXP ONENTIAL LOG (AVE D SNSIT Y ) ”
a .  Before this is calcula t. eI the True Ave Log Dens i ty  is

determined for each class where . - .

ICNcx(N) . 9 ( 1 C N T N : ; )

note : JJPTS = number of c lasses ~- -here above r e l a t i o n  is t r u e

using the equations

AVE TR U (N)  = SUhiX ( N ) / I C H TX  ( H )

AVETRUL(N) = LOG (AV~ TR U ( N ) )

b.  The set of dat a  p o in t s  (DIAM(H) ,AVHT?UL (N)

for  I C N T X (N )  > 0 are l i n e a r ly  c u r v o f i t  I 
-

note :  IIPTS = nu~n h n r  of c l assea  wh er e  a r-n v ~ r e l a t i on  is t rue

c. The slope (m )  and m t  r ccpt  ( b )  a re  ~-r ~n t ’ -d and cx—

pressed expnr~ - ntia11y to satisfy the equation - . . - 

-

______________________________________________________________________________ _L ~~~~~~~~~~~~~~~~~~ __~~~~~~~_ _ _ _ _  — ~~~~~— 
- - . 

-~~~~~~~~~ .- —~~



TT~~ ~~N IT T~T’~ ~~~~~ 1I~~~ L T~T 
-

22

N/~-1
3-mm = N e ~~

2.3026(b)where N = e
0

and A 2.3026(m)

d. The exponential Log (AVE DENSITY) is calculated and
- I plotted for th e  f u l l  spectrum (classes 1-15)

using

AV EE XP(N)  = N0e

AV LE XPL ( N)  = LOG (AVE EX P ( N ) )

where DIAN (N) center diameter of class N

- - A V E E X P L ( N )  is pr in ted only for  classes where I C N T X ( N )  > 0 .

--~~~— -~~~~~~~~~~~-_~~~~~~~~~t —- -~~~~ —fl- - ~a~~ -n
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4 .  “ INSTRU M ENT MASS AND REFLECTIVITY ”

a .  INSTRU MENT MASS

Calculated individually for each class where ICNTX(N)>0

using the instrument average density (AVETH S)

N INST ( N ) = ~~ - B w ( N ) * A V E I N S ( N ) * D I A M ( N ) 3

where r3W ( N ) b~~rwidth  of class N

Also the cumulative instrument mass is calculated as

IIP TS
TMI = ~ MIN ST ( N )

N=1

b . INSTRUMENT REFLECTIVIT Y

Calculated individually for each class where ICNTX (U)>0

us ing  the i n s t r u m e n t  average dens i ty  (A VE I M S)

Z I N S T  ( N )  i~~~~; (
~ ) *~a~’p I’s ( H )  *DI]\ ~ .i ( N )  6

Also the c u m u l a t i v e  i n s t r u m e n t  r e f l e c t i v i t y  is ca lcu la ted  as

I IPTS
TZI = ~ Z I N S T ( N )

-— ~~~~~~~~~~~~~~~~ — .afl~ . ~~~ t - ~~~~~~~~~~~~~~~~~~~ S 5~~~~~~~~~~~~~~1 j  ~~~~~~~~~~~~~~ -
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5 .  “EH ~~c2 J H - ; T J A L  hiAss AND Pi:f L:CTINITY ’

a .  EH P h : T : : TI A L  ~b~SS

Calcu1ate~ ind~ viNua1 1v for each class ‘ here JCHTH (N) >0

us~ sq the x s-one  e t T i a l  a-:~-ra-:: -: density (A-:HH~N

Also the s~~~u1ativc. ~nstrurscnt sass is c a l c u l a ted  as

I PTS
‘I ilL -~ r i-~ (H)

b. EHPCHEHT .LJ~L :--I- FLEcTIV.L1

C al s a l - at L d  lcd i ~‘idu ~~l 1y for  Lach c l a s s  where  I C N T N  ( N )  > 0
asir.q t i~~ c:- :pecent ial  u v - -r ~~ss d en s i ty  (AVEE :~~~)

2’~’ -p ( . )  — 

~H-~ (N) *; 
7F~~~.5 ~

‘) *DT~ ’ ( H )  6

Also the c d l s u l at i v J -  in s t r un e nt  r e f l ec t i v i t y  is ca l : -u i . a t ed  as

II!’TS
ZLHN (N)

- ~~~~~~~~~~~~~~~ —. - 
-

~~~ 
- —-

~~~~~~~~-~~~~-- - - - -  rn-,- - -
~~~~~~ =.- 

~~~~~ 
---

~~
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6. “cu:- L-h::~’lVL l~EpcE :-:T NASS ”

cu:t~~s (H) = ~-:INST (H)/T~lI- -TH~- 3S(i- :—1)

- L w h er e

(T:-N~SL (N-i) ~ C U i T A S S ( i )
1=1

7.  “TOTAL MASS”

To accoun t fo r  in tegra t ion  fr o m  to r at her  t han  f r o m

0 to ~~~, the equa tion  f rom SAM S* �2 p 58 is m o d i f i e d .

MTT = N — ~ N0 ~ 
A

-- — 1D1 3 30 :
2 6D1 6

MTT = H e AD 1 -~ ——— + —— + —
6 a ~~2

1ett~ rv t:
NTT , Lsce t h e  slope A shou ld  e L-;ays

be pos Live

th - Li .t~~i equation L-~-so e:;

- 
D 1~ D 1 6

HrT NTT D-~ + -— —
~~~~~~6 L H A t ?

If N 1 C i t  can be re-a c th :h~ enuit ion is i~-hi~ctica1 t-~~~

that froc SNH5 *~~2 o 58

- -  0
= 

—-- —-—----- 

- a~ I ’- r a c - ~—~- — s  ~~~~~~~~~~~ 
;.o—~ —- ‘

~~ ~~ - 
- — ~~~~~ :~ 0 ’

the Si.2 S 1 “cafes P1— -D an; ~‘f j 5 ’ ~~~,

. — -~s-
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~~~
. “~~O~~~L RLF’ L t.CT V~~’. Y ”

~ - 5 ccL~~~st  ~ur ve - -e r it j cn :r:o 0’ to rather than from

6 to ~, t~~ :2 53 is m o d i f i e d .

- 2 (~~D ) N0 f 
r
~~~~~~~N-

- A -  ~~~ E 2 ~~~ 3OD 1~ 120D 1 3
Z~ N = N e  

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

- +

360D , 2 720D 1 7201

leLt~ nc - .

r-;TT =

4 the f i n a l  eq uat ion becomes

[ 6D~~ 30o~~ l 2 C D 1~ 360D 1 2 72 0D 1 720
ZTT = NTT t D~~ + — + —-— + —— -  + + + —

L A t  H~ I k t ~ 1 x 1 5  H6

If D 1 = 0 t h i s  ehu a t io n  also r c du c e s  to t h a t  f rom SAN S* ~2 D 58

7~~CN
Z T = — °

I A I ~

3. ~~~~~~~~~~ 
r ;~ j VOLUS-:i; DI~~H TER”

C ~
-
~ n 

* 
62 )

3. 67 /tA ;

~~~~~~~
_ __S-~~~:=~~ ,~~~~~n- -_ -~~- — - - _ _  - -- —
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10. When the p a r t i cl e  type  be ing  a n a l yn e d  is r a i n  on ly  the
to t a l  mass  and total reflectivity should be i n t e g r a t e d
from D 1 to 5 mm o n iy .  Th is  is accomp lished Nv sub-
tracting the 5 mm to infinity value from the D~ to

- I infinity value for M and Z.

a .  “MASS CONS IDERATIO N ”

H LITT ~ N 
f 

D~ e~~~ dD = N { J ~~~~~~~~~~~~~~~~~~~~~~

from step 7 the D 1 to eva lua tion is

r~ 3 > -~
-‘, 2 c

U i  I
~l

e~~~~ 1[ —_  + + + ~~~~~~ [LoD~I]
A A 2 ~~

us ing  the same a na l y s i s  t i e  5 rim to ev a l u a t i o n  is

A A 3 )
L U

and f i n a l l y

:5) 
= 

~~ ~ 
0
—~ D 1 (LOD )_e

_ 5A 
(~~~

o
~~) }

b .  “RL~FLECTIVITy CO H SJ D E P ATI OH ”
Ro~s~ating the previous analysis f o r  reflectivit : the

final equation b~~ - :-r-k -s 

~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~- -  -- -
~~~
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• 
Z N I ( D 5)  = Ho C-~~~~~(LODZ) 

— e
_ SA

(UPNZ)

F-ar rel le lisni NTI may to defined as:

I 
AD 1 - e 5

~ }

- I

I

i

L . ,

I

r’
~
. ~~ 

-.—~±—— ———  — ‘±— — -•——-—-——- —•-— -•---~~- -  n—... _ - _ nri~~~~-rr .— —‘ ~~~~~~~~~~~~~~
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• 2.2.5 Median volume diameter plots

Tnis option produces three different sets of scatter
type plots. A set consists of two plots, each done the same

- 

~ way only using different data; the first plot uses precip
data only and the second uses precip data combined with

cloud data . The three sets are described in the following
“-

sections.

2.2.5.1 vs

For each averaging interval this plot calculates the

ratio of reflectivity to mass , and then takes its cube root.

This value is checked to insure it is within the horizontal
axis limits of 10 1 and 10+1 . The median volume diameter ,

for the same interval, is checked to insure it is within the
vertical axis l imits  of 10-i and 10+1 .

After the data is plotted , a least square logarithmic

fit is calculated and drawn through the data. The equation

of this line is included on the plot in the form

D = a ( ( Z / M ) u/’3)b

The output listing for this plot includes the equation

coefficients (both linear and exponential), the average
and D0 values, and their standard deviations. 

~--s~~ - — ---•.
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1- H
2.2.5.2 D vs

This plot is similar to the one previously discussed

the only  d i f f e r e n c e  being the x - v a r i a hle  c a l c u l a t i o n .  In

this case the ratio of mass to square root of reflectivity

is calculated . The remaining calculator-is axis scales , and
output are the same as the previous plot .

2.2.3.3 ND0~/l-l vs D/D0

The calculations performed after the plot is produced

were requested by D r .  Robert  N .  Cunningham . The procedure

is a “follow-up ” to the data m o d i f i c a t i o n  technique shown

in section 7.1.10. Thi s  plot differs primarily from the
previous two in t ha t  it uses every non-zero channel w i t h i n

an averag ing inter val .  That  is , for  each averag ing in te rva l
as many as 15 points may be plotted . (If cloud and precip
data are being used , t h e n  t h e r e  may be as many as 30 po in t s
plo tted per averag ing interval.)

• The points are plotted in the fo l lowing  m a n n e r .  For

each averag ing in te rva l the  15 (or 30)  c lass  d i a m e t e r s  are
div ided  by the  med ian  volum e d i ame te r . These become the
x - c o o r din at e s  of the p lo t t ed  p o i n t s .  The y—coord inat e  is
det ermin ed by m u l t i plying the number density of each class
t imes  the f o u r t h  power of the median volume diameter. This

produc t is then d i v i d e d  by the calculated mass of the inter-
val. If the density is z ero , there is , of course , no point
plot ted . The plot is produccJ on a semi—loq grid , w i t h  the
x—a:- :is being line - - i r. After all the points are plotted , a

leu st a-ware enponential fit is ci1cul -~te~ anJ drawn through

L ii ~ u a t a . Tile 0 (1  f l c ic n t s  of the equation are shown on
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the plot in the form

ND~~ /M = a eb D/D0

After the plot is produced, the calculations performed

• are outlined below.

1. Divide the x-axis into 21 banc~s

2. Each point plotted is categorized by its x—coordinate

into one of these bands.

a. The y-coordinate is accumulated with other values in

the same band .

b . The number of points in each banded is counted .

c. When all the data has been categorized and summarized ,

the average y value for each band is determined .

3. The bands with a zero average y value are examined . This

zero results because of one of two conditions.

a. It may be that a particular band had rio points (these

are called “ uncounted ” or type 1 zeroes).
b . It may be that all the y-coordinate for a particular

band were zero (these are called “counted ” or type 2

zeroes).

4 .  Each type of zero may appear in two places:

- - I a. as a surrounded zero (or consecutive zernes) where

they  are su r rounded  by non-zero bands on bot h s ides.
b . as an ending zero (or consecutive zeroes)
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The following examples show both cases.

example A. surrouri-~ed zero

baII ’J~ average y

2 1 .24
3 0 surrounded zero

4 3.94

5 0~~_
surrounded zeroes

6 0

7 1.85

x a::~p le B . e n din g  z ur o

ber~’J~ avera~~e y

1 0 ading zero

2 1.24

3 3.28

18 1.29

19 0

2 0 0 end~~n-:; zoroes
•1 0 J

~~~. An attempt is m •i-i e to eliminate all the zeroes. The

eliminaLion techr i c u ~ - u se-i is deuendent uhen the type (1 or 2)

and place (- d i n q  or : urrou :- i- 1 ) of ~-cro . The hierarchy

:1! 1 Lec ~n 1i ~ ae used to el m i n e  L eee  ~~-roes is soo~~n on the

f o l low ix j I -u ~~J L  -
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zero (type and place) technique

1) #2 surrounded 3 point running log mean

3 
2-) *2 ending extrapolation

3) *1 ending extrapolation

4) #1 surrounded interpolation —

a. Type 2 surrounded zeroes are removed using a three

point running log mean; this changes the surrounding

non-zero points also.

x x
= (Y 1~~Y2~~Y 3 ) / 3  = 7/3  = 2 1/3

= (y2 +y3 +y~~) / 3  = 4/3 = 1 1/3
- = (y3 +y~ +y 5 ) / 3  = 5/3 = 1 2/3

1 2 3 4 5 6
band #

o = zero point x non-zero
point

4 X

3 = (Y1~~Y2~~Y 3 )/ 3  = 7/3 = 2 1/3

(Y2 +Y3~ YL+ )/ 3  = 3/3 = 1
0

= (y 3 +y~~± y 5) / 3  = 2/3

= 5/3 = 1 2/3

L end  ~

2 euro 3 : Examp les of type 2 su rrou nd ed z ero eli n ina t ion
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b. Ending zeroes of types 1 and 2 are eliminated by extra-

polating from the equatio n

y = ce~~~
2 + bxj

The equation is a least square fit of four non-zero

points immediately preceding or following the zeroes

to be eliminated .

o = zero point x = non-zero point

the f i t t i n g  equation
uses points Y3, Yi 4 ,

/ y6 and y~ 
to elimi-

\ nate the zeroes in
l~ ‘x bands l and 2

,

_ _ _ _ _  _ _  - ~~~--

band #

Figure 4 : Example of ending zero elimination

Zeroes at the other end are eliminated exactly the

same way using the four non—zero points preceding

the zeroes to be eliminated .

C .  Ty~ e 1 surrounded zeroes are removed using linear

interpolation between adjacent non-zero values.

-e

•

~

• - - t~~~~~~~~~~~~~~~~ rfl -n



_ _ _  _ _ _

35

Y 4 - Y 2
= Y2 + (

~~~~~ ) (x 3-x2)2 -  x x~~x 2
>1

= 2 + (
~j-~-) (3—2)

x

y~~ = 2 — ½ = l ½

2 3 4 o = zero point x = non—zero point
band #

Y 5 Y2
3 x = Y2 + 

X 5 -X~~~ 
(x 3 -x 2 )

1~ 3
t~ 2 Y5 = 3 + (...) (3—2)
0

= - (~~)l 2 1/3
Y5 Y2

— 

= Y2 + ( )  (x~~— x 2 )

1 2 3 4 5 y~~ = 3 — ( ~- ) 2 = l 2 / 3
band #

Figure 5 : Examples of type 1 surrounded zero elimination

6. After the zeroes have been eliminated the results are

shown in the output listing . The bands that had a zero
average e l iminated  are f lagged  wi th  a 1 or 2 indica t ing
the type zero removed .

- -~~~~~~~~~~
- .-‘----‘~--— - ~~~~~~~ ~~~~ Z -
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2 . 2 . 6  VCO plots

~ h i s  op t ion  wi l l  plot any VCO versus any other VCO.

W i t h  t h i s  op t i on  on ly ,  the c a l c u l a t e d  liquid water content
( r i )  and c al : u la t e d  r e f l e c t i v i t y  ( Z )  for each probe are con—

sidered VCOs. This  a l lows selected Z vs hei ght or M vs

h e i g h t  p r o f i l e s  to he plot ted . The user has  comp lete free-
dom to spec i fy  any  VCO on ei ther axis .  Plot s nay be e i ther
in scatter mode or l ine mode , at the  user ’ s option .

If the plot of JW—LWC vs HEIGHT is spec i f i ed, an ad-
justment option is available. This adjustment allows for

all tue data points to be shifted by some reference equation .

To invoke th i s  optio n ce r t a in  a d j u s tment parameters  are
necessary. These parameters are:

L number of levels

XJ = o r i g i n  of level

~ 
j SL = slope of l evel

- - HT = l ìei gh t  (m e t e r s)

This  i n f o r m a t i o n  is  inpu t  v i a  a nE1n I~lis t  ca rd  a’~ shown in

the op era t ino  i n s t r u c t i o n s .  The a d j u s t m e n t  pe r fo rmed

follows .
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XJ 1 XJ2 XJ 3 XJL~

JW-LWC

Figure 6 : JW-IWc vs hei ght  a d j u s t m e n t

Dete rmine  the  level ( I )  of each data poi nt (J ,H) such
tha t  HT1+i > I > I-iT

s. Calcula te the adjusted water content

(JW ) using the ohuetion

-
~~ ~$L 1 

(i: T
1—H)]

Note : i f  hei gh t  ( H )  is greater -than the nexinum height (u T1),
than I-IT 1 is used in th e ecuation for 1

~~ I The si gn reversa l
will account for the correct dW adjustm- nt .

I
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2.3 PMS-1D UTILITY PROGRAM

KN1UTIL is a generalized tape utility program designed
to operate on the PMS-lD input tape in order to verify the

operation of the Knollenberg PMS lD device. There are five

d i f f e r e n t  options the user may select.  These options , are
listed here and further explained in the operating instruc-

tions .

1. produce a decimal dump of a given number of files ;

2. same as 1, above, except that the dump is in octal ;

3. produce a selective decimal dump specifying a

par t i cu la r  set or sets of record s~
4 .  copy a tape specif ying f i l e s  and records to be

copied;

5. produce a selective probe dump which will list only

the channel counts of a selected probe or the VCOs

In add ition to these option s, three status files are
created which may be listed at the users option. These files

list in an easily readable format the three status words that

appear in each record . 

~~~~~~~~~ -
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- 
- 3 .  PNS 2D PARTICLE DISPLAY SYSTEM

The two-dimensional (2D) particle display system on board

each aircraft has some important advantages over the earlier

1D models. Firstly there are 32 sensors in each probe re-

cording particle image data . The lD system has 24 diodes

with a maximum particle size capability of 15 classes . The

cloud probe covers the size r~ange of 25 to 800 microns; the

precip probe covers 200 to 6400 microns . The second dimen-

sion is achieved by taking reading s over time so that a two

dimensional picture of the shadow is made. The sampling

rate is adjusted to the speed of the aircraft so that a read-

ing would be taken every 25p of length. That is, if the air-

craft flies at 100 meters/sec, the sampling ra te  would have
to be 4 m e g a h e r t z .  This exact ra t io  can not be ma in ta ined
perfectly,  so the results are modified slightly in the corn-
puter  according to the true air speed of the aircraft. Like

the 1D device , the output is turned on when a sensor is shut

of f , and con tinues un t i l  all the sensors are back on , but
th i s  device w i l l  output  the s ta tus  of each of the 32 sensors

every f o u r - m i l l i o n t h  of a second* u n t i l  al l  the sensors are
back on. Thus the 2D device gives a picture of the particle(s)

as subsequent readouts are place together , and will not give

incorrect results when two particles are seen simultaneously.

An additional advantage of the 2D system is the elimi—

na t ion  of the end-rejection technique ut il ized in the lD
system . If a particle occludes either endinn diode , it is

still recorded. These particles may then be included or

rejected manually wi th  the appropr ia te sof tware .

* for the Learjet this sampling rate is about 8 megahertz 

—,, • - - • --.——-——-—.—— —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • — -  •—- —— - . 
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The 2D pa r t i c l e  display system is a valuab le  source of
data to LYC . Data is collected from two independent systems

(one each for the C13OE and Learjet) and recorded on magnetic

tape using a nine-trdck Pertec recorder . All the tapes are

proces sed on t he  AFCRL CDC 6600 computer .

These data  tapes eo:itain two types of records , composed
of “fast ” and “ slow ” data . The f a s t  data records contain
the 2D par t ic le  image slices . One d imension , th e columns ,
is represented by the 32 diode a r r a y ,  the o ther  d imens ion ,
the rows , by time; i . e .  one row represents the diode status

for  250 nanoseconds of time . This is t rue  for  the Cl30 air-
craft only ; the Learjet row of data occurs every 125 nano-

seconds because of the f a s t e r  speed of t h e  j e t .

The slow data records occur once every ten seconds.

These records con ta in  VCO and ana log  i n f o r m a t i o n .  In add i-
tion , selected lD data is mul t ip lexed in the 2D b u f f e r  and

also recorded in the slow data record s . Note that t he lD
data appears redundantly (it also is being recorded by the

Kennedy seven t rack r e c o r d e r ) .

The exact information contained in these records is dif-
• ferent for each aircraft. All the programs developed for

this system have a variable read-in feature. That is, each
program has the capab i l i ty  of reading the 2D tapes recorded

t on e i ther  a i r c r a f t .  

~~~ ~~~~~~~ -~~~~~~
•- - -~~~~~~ ~~~~ ~~~~ -- - - -~~~ -- •~~~~~~ - -- 
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3.1 2D PRE-PROCESSOR (TWODEE)

This program is concerned with transforming the 32 diode

scans into actual particles or crystals. The technique de-

veloped uses the real time principle of a one-pass calculat ion;

that is, while the particle is being determined certain key

~~ I parameters are also being calculated . This means that after

the initial pattern recognition pass , the definition of the
particle is fully specified. The details of this particle

• d e f i n i t i on, or “ s ignature” , are explained in the following
sections.

The pattern recognition routine employs a string tech-
• 

ni que , where a string is defined as a series of consecutive
occluded diodes. All the vital information required for

each string is stored in one computer word , including (1)

par t ic le  number or i den t i f i ca t ion, ( 2 )  scan number , (3) be—
g inning and ( 4 )  ending diode number , and ( 5 )  a l inkage  word .

The information is stored as five 12 bit bytes within one

60 bit computer word . Routines have been written in COMPASS

to insert or extract a particular byte or bytes into the

computer word . Although more programming is required using

this  bit m a n i p u l a t i o n ;  it is more des i rable  than using 5

separate words requiring 5 times as much storage.

Each new string found is checked with strings from the

previous scan. If the string is adjacent to a previous one - -

(see figure 7 ) it is considered a s t r ing of the same parti-

cle. The new string identification byte must be copied from =

-

- the previous string identification , thus identifying the new

data as an extension of the previous. The old string linkage

byte will have to be set to point to the new string word .

- :;,_. ~~~-t,a r,z- —
~~ 

— --..--
~~~~~~~~~~ •~~~~~~~~~~~~~~~~~ ,,— • •
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Two strings are considered adjacent when one of two con-

ditions exist: (1) If two strings have at least one common

diode number occluded (the left-hand example of figure 7A
shows diode #6 occluded in both strings) (2) If two strings

have an ending occluded diode and a beginning occluded diode

within one number of each other (the right-hand example of

figure 7A shows the beginning diode #3 in the f i r s t  s t r ing

-- 
1 and the ending diode #2 in the second string). In figure 7B

neither condition exists, and the strings are non adjacent .

2345678 123456789
- 

I ooxxxoo ooxxxxxoo
0000xxO xx0000000

X occluded diode - •

0 = lighted diode

Figure 7A: Examples of non adjacent strings

As the scanning progresses certain particles will merge

with others (see the stellar example in figure 8 ). The rec-

ognition scheme using this definition of adjacent strings

accounts for this perfectly, and the particle definition in-

formation will be combined . After all 1024 scans have been

examined the particles are ready for the next processing

- 
- step .

00000xxx xxx000xxx
• xxxx0000 0000x0000

Figure 7B: Examples of non adjacent strings

—~ - - --- 
,L_
~

_ 
:_ —-~-~~~~~ -—~~~-- -,~--~ - - ~~~~~~~~~~~~~~~~~~~ ~--‘, . - -• ,~~ --~~~-~~ -- ~

_ _ r ,
~~~

_ 
~~~~~~~~~~~~~~~~ ~
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OO0~OOO0OOO0OOOOOO fl -
-

0Oc~~~cOO~ Q000~~~~~ 0 For these  4 str i n g s  the ~rocessor
00 .xxçc~~ p0~~ 00 ( S  “sees ” 3 different particles

000 ~~~~~~~~~~~~~ 000 j L
0000 ~YX xxXXY 0000 —

00 000000 3 particles merge at this time

000 .X 0000 1 fl al thoug h 3 strings are present
000 . 0 000 

~ again , they are  all  adjacent  hence
~~ 

y
0
~~ ~~~ 

~ J ~~~ 1 part icle  remains

000000000000000000 - particle completed

Figure 8: Particle merging

It should be noted that only completed particles are

processed at this time. A completed particle is defined as

a particle completely contained within the 1023 rows in the
computer memory . If a particle has a contribution in the

1024th scan it is incomplete. The reasoning for this incom-

pletion is that the particles may have additional strings in

the next record . These particles are saved and if necessary

merged with the next record . In either case they become the

first particles processed in the next record .

A particle is said to be defined when eight fundamental

parameters about it are known . These parameters are: area ,

perimeter, volume, horizontal projection , horizontal Feret

projection , vertical projection , vertical Feret projection ,

and longest dimension. Five of these are either trivially

calculated or a byDroduct  of the string technique of pattern

r ecogn i t i on .  The c a l c u l a t i o n s  are  shown in the fo l low i n i

par agrap hs.

The area is sirnily the total number of cliede:; 3cc1ud -2--~

_____  -—-___
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:1 by a particle.

ARE A = ~ number of diodes occluded

For other considerations of area , see Scientific Report

#1, Determining the Volume Represented by an Irregularly
Shaped Cross-sectional area , 1 Apr 75.

The perimeter is calculated as an empirical constant
times twice the sum of the horizontal projection plus the
vertical projection . Figure 9 compares the actual  perim-
eter with the calculated perimeter using K~ 1.

P 2(HP + VP)K~

where K. = a constant for particle type j  

Figure 9 : Perimeter Culcul ition . -

The con stant K, shou~ J be ccluulated rzpirica11~- sin:e i t

be teo high fo r  zone par tic le ty~’ns  - b a ti l  t h at  tine 

- - - -  -~~~~~~~-- --— -~~ -~~--~~ 
-
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K .  should have a value of one .

Horizontal Feret projection (hFP ) is the loncest singu-

lar projection in the horizontal direction , i.e. the direc-
tion measured by the diode array (along the row) and not by

tim e (along the column) - This  h o r i z o n t a l  Feret  p r oj e c t i o n
(figure 10) is calculated by taking the largest occluded

diode number less the smallest occluded diode number plus
one.

RFP = M A X ( j f )  — ~4I N ( i b )  -‘- 1

where j f  = ending diod e number s
j b  = b e g i n n i n g  diode numbers

I I I
— ‘ - -  }~FP----------~

.

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

t 

_

r’i g-i r~ 10: r1ori~~u n t a l  an-i v- rt i c al  F’e ret  p r o j e c t ion

It C L -~ see n i f l  f i g u r e  10 t h a t  t h e  lam est j is  7 and the
sri i ~le ct jb is 2 Sub ut:on m t-c Lh~ hEP e n u at i on  yields:

ii
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H F P = 13 - 2 + 1 = 1 2  diodes

Mathematically the vertical Feret projection (VFP) is
similar to HFP, the difference being the direction of mea-
surement . Time is measured by scan number in the vertical
direction. The VFP calculation is the last scan a particle

appears in less the first scan a particle appears in plus
one.

VFP = MAX ( nr ) - ~‘1IN ( n r )  + 1

where nr scan number

Using f i gure 10 the VFP is calcul ated as

VFP 12 - 2 + 1 = l l diodes

The ver t ica l  pro jec t ion  (VP ) is de f ined  as the sum of
the partial vertical projections. Figure 11 shows this

clearly . The equation for  th is  ca lcu la t ion  is

VP PVP 1 + PVP2

where PVP = partial vertical projection

The individual pai~t ial  project ions are qui te cumbersome to
calculate .

There is an easier way to calculate VP without calcu-

lating each partial vertical project ion . VP can be ascer-
tam ed by counting the the number Of strings that make up a
particle. This can be seen by the following .
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- 

~\ ~
JL_ ~~III ~~ ~~

- / PVP 2 
O • ~~X~~~O 

PVP 2
-- ~~~~~~~~~~~~~ -~ 

_ _ _ _  _ _ _ _—____

- 00000cooc

L 
•

Figure  11: Vertical pro jec t ion

By examination of figure 11 it can be v e r i f i e d  tha t

PVP 1 = 6

PVP2 = 8  
and

from this the VP is calculated by adding the partiel projec—
t ions:

VP = 6 + 8 = 14 diodes

However, this is precisely the number of strings that describe
this particle.

The h o r i z o n t a l  projection (HP ) is , of course , similar

to the VP except for  di r e c t i o n .  A s imi l a r  a n a l y s i s  can be
per for rac i  to ca lcu la te  HP .  The p a r t i c l e  is examined  for

~ t r i n~~~, r e t  in the “diode ” d i rec tion , but  in the  “ scan ”
d i r e c t i o n .  I~~a in  the number of s t r i n gs found  is p re c i s e l y
the h o r i z o n ta l  p r o j e c t i o n .  

— -. - - -~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~
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Volume determination is an area where we have done ex-
tensive research. The resul ts  of th is  work have been pub-
lished in a separate scientific report entitled , “Determina-

tion of the Volume Represented by an Irregularly Shaped
Cross Sectional Area ” . The method of calculation is included
in th is  report but the reader is re fe rred  to the o r ig ina l
f o r - i  comp lete substant ia t ion of the conclus ions .  The method ,
simply stated , is to rotate a two d imensional  cross-sect ional
area about its major  ax is , and ca lcula te  the volume genera ted .
A correction is made for particle irregularity by dividing

the area into two halves, one above and one below the major

ax i s .  Ac tua l l y  each half  is rotated about the  ma jor  axis ,
and a volume is calculated for each half. The final volume

is the average of the two halves.

J_~i -~~.‘- -~~~~~~~~~~ -——~~~~ ~~~~~~~~~~~~~ — -~~~~~~~~~~~~~~~~ - - -~~~~~ --- ~~~~~
—•-— ~-
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I
Consider an irregular shape in 2-space , who se volume is

desired :

Figure 12: I r r e g u l a r l y  shaped par t ic le

Firstly , we translate the axes to the center of gravity of

the  geometric shape. Since the shape is formed by both
in te r io r  and exter ior  points , all  points  are considered.

The coordinates of the center  of g r av i ty  (x
G

,y
G

) are given
by

xG =
~~~

xi/Nj
=

k

where x -  , y .  are th e  po in ts  a long  and ins ide  the geometr ical

f i gure , and N is t h€ ~ number  of x . , y .  po in ts .

\~;~ then f o r m  the new Doints  X .  ,Y cri ’zen by
1 1 

* -s

—- -•--- ---- — 
~~~~~~~~~~~~~~~~~~~ ~~~~~ -- ~~~~~~~ —---~~~~~~~~~ -~ -- ~~• -- -- - -- - ~~•
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Xi
Xj~~~~~

X
G

Our new shape is unchanged by this t r a n s f o r m a t i o n. The cen-
troid now passes through the origin.

Figure 13: Orig in at centroid

We now seek the major axis of the shape . This is done in

order to rotate about the axis in order to find the volume.

From Vector Mechanics (see Beer & Johston , STATICS A~ D DY-

NN4ICS , McGraw—Hill) the moments of inertia for the shape

are given by

I~~~= J y 2aA

i = 
f 

x2dA

I~~~ f 
xydA

in the discrete case , th ese eq ua t ions become

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
-
~~~ — - -
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I ~~~~ Y.2 Amx 1

I E X. 2 Am
— 

Y 1

I ~~~X Y . ~~~ mXy 1 1

~~~~~~~~ ~~~~
‘ 

l~~~ can be computed at the same time x0, 
~~ 

are done :

I~ = 
~ 

(xj~
xG)

2 = 
~~ 
x~

2 - 2
~G~~i 

+ NxG
2

Remembering that

E x j = N x G

=
~~~

xi
2 _ 2NxG

2 + Nx G
2 =

~~~
xi

2 _ N x
G
2

Similarly

z — Ny
~~
2

~ 
(x~-x~ ) ~~~~~~

Z x~ y - X G ~~i 
- Ye L x 1 + NxGYG

E x~ y~ 
— hX

C~
’.G 

- Nx GyG

~ 
X
~ Y~ 

- NX c’/c

thus we col lec t

S = L X .  S =~~~ v-

5x 2 ~: S
~~? 

= 
~ Y~~ ~~~ ~

- x1 Y~

- - ~~~~~~~~~~~~~~~~~ -- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .•- ~~ -
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then

X G = S~~~N 
~G 

S~ /~:

I~,, = S~~ — (S)2 /s I = S 2 — (S~ )2/N

I S — (S )(S )/hxy xy x y

we seek an angle of ro ta t ion 0 , such that

= X cosG + Y. s i r ~~1 1 1

V = —X. s in O  + Y .  cos e
1 1 1

would force  the new uv moment to van i s h .  That  is

I =~~~ u v . A m = Ouv 1 1

I = ~ [x .  cosO -
~ Y .  s i n 9 ] [ — X -  s i nO  + Y . cose]=0

UV 1 1

or

~ (Y. 2 - x . 2 ) ~~~~~~
-
~
H--

~~~
— -

~ x . Y .  cos 2 0 0
i i 2 i i

s u bst it u t i ne

(I  — I ) 
~~~~~~~~~~~~~~~~~~~ + I cos 20 = 0x y 2

or

I
t , f f l  20 = 2

I X 

- - . -  - --- —-
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2 I 1
0 = ~~~~tan

1

1 — I x

Af ter rotating through the anele , we hav e 

Figure 14: Particle rotated to major axes

Now in order to get the volusz -e , we d iv ide  the area into two
par t s

a) all points  (u
1~~
v~~) w h i c h  lie above v = 0

b) all points (u~~v~) which lie below v = 0

and rotate each half a}:eut the u ax is . The r e s u l t in g  volume
will be the average of the two rotated areas.

Pappus-Guldinus second theorem s t a t e s :  The vo lume of a
body of r e v o l u t i o n  equals  the q e ne r a t i n g  area t imes the d i s —

F tance t~~-Iveled by t: h ’  centroid of the ar-z a while the bod-z is
be inq  q’~ n ’r - a t ed .

- ~~~~~~~~~~~~~~~~~~~~ -_
- ——--— - -~ --- ~r -- 
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V = 2 - i i v A ’

where v = the centroid component in the v—direction
A-.

A’ = area being rotated (since the u—axis bisects

the original area , this area is one half ohe

original area; A’ = A/ 2)

each centroid v will be found as

= 
~ 
v~/k1

k1 = nurber of points V 1 > 0

I k2 = n umber of po~~nts  v~ < 0

and assuming the areas A 1 and A2:

Volume 1 = 2ii v 1 A 1

Volume 2 = 2~ v2A 2

or

Volume = i~ (v 1A 1 + v2A2) 

- —~ -=~~~~~~~~~~ - - -——  -~~~ =-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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CONSIDE RATION OF THE ARE A

As a result of the considerations investigated in Scien—
t i f i c  Report  ~l , the area is best ca l cu l a t ed  by coun t ing  oc-
cluded diodes above and below the major axis. When an occluded

• 
diode center is conincinderit with the major axis , it should

be counted in both halves. This report , and the sc ien t i fi c
report assumed length dimensions of 1. That is , the d istanc~
between diodes multiplied by the distance between successive

diode samplings was 1. The fi na l  Volume should be

Volum e = ~r v N (Ap) (Ax)

where Ap = distance between diodes

Ax = samp l ing distance , determined by A i r c r a f t
speed (m/sec) multiplied by time of sampling
rate (sec)

CONS IDERATION OF THE ANGLE

The angl e of ro t ation , ~ , is given by

21
0 = l~ tan ’ 

I Iy x

4 
In order tn be sart that this rotation will yield the ma jo r
axis (rather than the minor — txi~~) the arctangent function

will be recuir’ - d to produc’: a result b--~ta-:een —r and +~r . if

the fun -tion is limited to a range of -
~~~- and  ~~

- , t h e  angl e
w i l l  h av e  t e  b~ modified by the si~~n of I - 

~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~-— —~~~—-



-

56

In the former  -case , the r e s u l t i n g  a rc t angen t  w i l l  be
between -n and i t ;  D iv id ing  th i s  r e s u l t  by 2 in order  to
obtain  0 w i l l  y ield

IT
-

~~~~~~~~ < & < ~~~~~~
-

which is proper ro ta t ion  to i n s u re  t h a t  u w i l l  be th e major
axis and v = u + ii/2 the minor axis.

Given N points (x~ ,y~ ) i = 1,2 ,3 ,...

compute

S =~~~ x.
X 1

s = z ~~ .y 1

S = Z x . 2
xx i

sy y =  i

S =~~~ x. y.xy 1 1

X G 
= S / h

‘
~
‘G = S ~ /N

-; I = S  - S 2/Ny xx x

I = s  - S 2/Nx yy y

I = s  - S S / Nxy xy x y

2 I
= ½ t~~n~~

y x

— —~~~~~~ —~~ — -- - 
~~~~~~~~~ -——-~~~ _• : • - — - _==~~~~~ - _~
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c 1 cosO

c2 s i n O

then , for  each orig ina l  poin t  (x ,y . )

compute

v1 = — c2 (x~ - xG ) + ci (y1

and form

S = Z v .1V 1

k 1 = count al l  v~ > 0

— - k2 = count  a l l  v -  < 0
- - 1 —

then

I = S
~
/(ki +

note : k 1 + k2 > N

and

Volum e ii v N 

- - - --et~~~~~~ 
—--— - - - - -  — —  

- 
.— 21
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The longest dimension , LMA X , w i l l  be found to lie on
the major axis. The volume determination , discussed in the

previous section , calculates this axis as the u-axis. In

addition , all the x,y particle points are transformed to

u,v coordinates. The longest dimension is simply the
largest u-value less the smallest u-value plus one . Mathe-

matically this becomes

LMA X = MAX ( u )  - M I N ( u )  + 1

Pictorially this is represented as

/

7’

~ 

- - - - - -

H
/ •

/
1 

~~

Pi gur e 15 : Longes t  d~ eens ion  

_._ .. ~~~~~~~~~~~~~~~ ~~~T —~~~~~ -._.. -~~~~~~~ - --
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3 . 2  2-D PROCESSOR (KNOLL2D)

During the pas t year there has been cons iderable progress
made in this area . A preliminary version of program KNOLL2D

has been comp leted and is currently operational. This ver-

sion categorizes each particle by size class along two sepa-

ra te dimensions , maximum length (UMA X) and horizo ntal Feret 
F

projection (HFP). Each size class has a length of two diodes

(i.e. 50 microns for the cloud probe and 400 microns for the 2 1
precip p robe) .  The number of observ ed part icles in each
class is summed over 1 second intervals.

Particles that touch either ending diode are differen-

tiated from those that are completely enclosed w i th in  the
32 diode array . This requires two different counts to be

maintained ; one for the total number of par t ic les, and one
for the part icles compl etely enclosed . With t h i s  techni cue
the number of par t ic les  tha t would have been ignored had
end-rejection been utilized becomes apparent. A sample of

this output is shown on the following page. The columns

labeled ‘W/O ENDS ’ are the counts of part icles NOT touch ing
an ending diode. The counts under the column labeled ‘TOTAL ’

include all part ic les .

An additional histogram is also produced; this includes

particles categorized b~’ area . Both the total and non-re-

jected particles are shown here also . The sample output is

inclu- ’ed on the  f o l l o w i n g  pages . 

_

-

-- - - _~~ 
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— The following tables show the actual channel sizes,

(center diameter and upper and lower limits) and cross sec-

tional area (for all particles and the non—rejected particles
only) for each probe .

CLOUD PROBE

class size(diodes) lower upper center cross-sectional area
l imit  l imit  diameter end total

(~ ) (ii ) (ii ) re jec t
(~ .~~2)

1 1 — 2 12.5 — 62.5 37.5 4.69 5.0
2 3 — 4 62.5 — 112.5 87.5 17.50 20.0
3 5 — 6 112.5 — 162.5 137.5 36.56 45.0
4 7 — 8 162.5 — 212.5 187.5 36.60 48.8
5 9 — 10 2 1 2 . 5  — 262.5 237.5 33.55
6 11 — 12 262.5 — 312.5 287.5 30.50
7 13 — 14 312.5 — 362.5 337.5 27.45
8 15 — 16 362.5 — 412.5 387.5 24.40
9 17 -- 18 412.5 — 462.5 437.5 21.35

10 19 - 20 462.5 — 512.5 487.5 18.30
11 21 — 22 512.5 — 562.5 537.5 15.25
12 23 — 24 562.5 — 612.5 587.5 12.20
13 25 — 26 612.5 - 662.5 637.5 9.15
1-1 27 — 28 662.5 -. 12.5 687.5 6.10
15 29 — 30 712.5 — 762.5 737.5 3.05
16 31 — 32 762.5 — 812.5 787.5 0.00

PRECIP PROBE

1 1 — 2 100 — 500 300 1536.0 1638.4
2 3 -. 4 500 — 900 700 1495.2 1708.8
3 5 — 6 900 — 1300 1100 1388.4
4 7 — 8 1300 — 1700 1500 1281.6
5 9 — 10 1700 — 2100 1900 1174.8
6 11 — 12 2100 — 2500 2300 1068.0
7 13 -- 14 2 5 0 0  — 2900 2700 961.2
8 15 — 16 2 900 — 3300 3100 854.4
9 17 — 18 3300 — 3700 3500 747.6
10 19 — 20 3700 — 4100 3900 640.8
11 21 — 22 4100 — 4500 4300 534.0
12 23 --- 24 4500 — 4900 4700 427.2
13 25 — 26 4900 — 5300 5100 320.4
14 27 — 28 5300 — 5700 5500 213.6
15 29 — 30 5700 — 6100 5900 106.8
16 31 — 32 6100 -- 6500 6300 0.0
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The remaining analysis done in this program uses the

particle counts with end-rejection . The reader should keep

in mind that, unl ike  the 1D system , the number of particles
ignored by this feature is readily available , by comparing
the tables previously discussed .

Two new parameters have been defined and are calculated

for each particle ; these are 1) average projection ratio and

2) equivalent circle ratio . The average projection ratio is

a measure of a part icle ’s contour . That is, the more closely
‘stellar shaped ’ a particle is , the higher its average pro-

jection ratio. Mathematically the formula is

APR — 1 , HP + 
VP

2 ‘HFP VF P

where

HP and VP are total  project ions
and

I-IFP and VFP are Feret projecti”- .s

The equivalent circle ratio is a measure of a parti-
cle ’s deviation from a circle. The equation for equiva-

lent circle ratio (ECR = P/fi~~) is derived as follows:

ECR = 
P/A where the c subscript indica tes
P
c/Ac equivalent circle perimeter

and area

but A = A c

ECR =

where P =C,

II~r j  - - — *  ~~ _
~
_ -y 2___ •_ - — — •-—~-- ____ _-_------_ ._ - _ ___ -~
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ECR =
irD

but D is known so substitute:

A = A  =—c 4

D =
it

iTV ’4A
IT

and combining

ECR =

These two parameters are categorized into sixteen size
classes and the number of particles in each class is shown .

The size classes for the average projection and equivalent

circle ratios are shown in the following tables.

class APR Limi ts  LCR L imit s

1 1.00 1.10 1.00 1.20
2 1.10 1.20 1 .20 1 .40
3 1.20 1.30 1.40 1.60
4 1.30 1.40 1.60 1.80
5 1.40 1.50 1.80 2.00
6 1.50 1.60 2.00 2.20
7 1 .60  1.70 2 . 2 0  2 . 4 0
8 1.70 1.80 2.40 2.60
9 1.80 1.90 2.60 2.80
10 1.90 2.00 2.80 3.00
11 2.00 2.10 3.00 3.20

— 
I 12 2 .10  2 . 2 0  3 . 2 0  3 . 4 0

13 2 . 2 0  2 . 3 0  3 . 4 0  3 . 6 0
14 2.30 2.40 3.60 3.80
15 2 . 4 0  2 . 5 0  3 .80  4 . 0 0
16 2.50 2.60 4 .00 4 . 2 0

~~~~~~~~~
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Four sets of matrices are utilized to further describe

the particle distribution. The matrices display the particle

counts by class size in the following manner :

1) UMA X and HFP
2) UMA X and AREA

3) UMAX and APR
4)  UMA X and ECR

Each matrix is calculated twice; once for the cloud probe

and once for the precip probe . Examples of these matrices

are shown on the fo l lowing four  pages .

Another area where development has begun is in automa-

tic particle typing . A display of the average projection

and. equivalent circle ratios in a common matrix provides

insight into the composition of the cloud particles. This

matrix is divided into sections of known pa r t i c l e  types .
The relat ive percentages of each par ticle type present are
easily calculated . Examp les of both the theor et ical  and

actual matrices are shown in the following pages. In the

ac tua l  case , the data collected was in predominantly rain ,
as borne out by the matrix display.

The pr ogramming e f f o r t  described in this  section is by
no means complete . The work that has been detailed here is

really j u s t  a beg inning of the development required to glean
— 

:- 
the maximum amount of information from this data source. It

is a project that will require continua l modification and

communication between DPSI and tIe LYC scientists.

I

I
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AVERAGE PROJECTIO N RAT IÜ

1.0 1.75 2 . 5
1.0 X X X  X X X  x x i x x x x  X X X  X

X X X  X X X  X X X X  X X X X  x

X RAIN X X X  X X X  X X X  X X X

X X x X X X X STELLARS X X X =

X X X  X X X X  X X X  X X X  X

~~~2 . 0 X X  X X X  X X X  X X X  X X X

X BULLETS X X X X X X X X X

X X X  X X  X X X  X X X  X X  X X
‘-4C) X X X  X X  X X X  X X X  X X X

X X X  X X X  X X X  X X X  X X X  X

~~~3 .0 .X X X X X  X X  X X X X  X X X  X

x x x  x x  x x x  X X X  X X X  X

X X NEEDLE S X X X IND ETERMINATE X X
AT THIS

X X X  X X X  X X  TIME X x

X X X  X X X  X X X  X X X  X X X

4.0 X X  X X X  X X  X X  X X X  X X X  X

X ’ s = par t i c le  count in each class

Figure 22: KNOLL2D Sample Output (theoretical)
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3 .3  2D UTILITY PROGRAM (KN2U TIL)

Because of the voluminous amount of data collected by

the 2D particle display system , a few considerat ions  should
be made before any processing is done . For example, onl y
data between the specified pass times should be processed .

Also any data that appears faulty or even maroinal should

be eliminated. This program provides the verification re-
-

- 

- quired for these determinations . The program has been wr it-

ten to employ two different output media. Each output do-

vice has its own advantages and a definite pu ce in the pro-

cessing stream.

The 6600 l ine pr inter o utp u t  is one means o~ d i s p l a y i nc
the observed particles. This printer ~~1ou Jd be utilized

when there is a lim ited number of records to be ~~~min~n-d ,

I; or when fast inspection of the data is vital to LYC . One

might expect to get two or three of these comput =r runs ~er

day us ing the l ine pr int er .

— This limitation is due to the ion-? record l e r I lT i t h , and
it becomes imprac tical to p r in t  many records. Each record
contains 1024 scans of the 32 diode array, yieldin-? ipproxi-

mately  20 computer pages per rl:cord . A maximization scheme

was developed that  allows three  records to be l isted us ing
20 pages .  Even wi th  th i s  technique to r e d uc e  output  l i nes ,
a 30 record listing produces 200 pages. Therefore , a l though
the line prin tl -Tr output offers faster results , its use is

1 united .

Another method of displaying this dat~ is :tIlizina t he

35 nun film plotter available at the computer center. There 

— 
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are , again , advantages and disadvantages of this technique .

The primary advantage of using this medium is that one full

record may be displayed on a s ingle  35 mm frame . Utilization

of the film cop ier ava ilabe at LYC provides any hard cop ies
desired . In addition storage of the film rolls is much more

desirable than storing cumbersome computer listings. The

only drawback to this method is turn-around time . The corn-

puter center requires one full day for film processing .

To summar ize , the fol low ing r esu l t s  are produced by
this program :

1. A tape summary of all data recorded that includes

i .  record type (slow or fas t )
b . record length

c. record number (absolute  and Ly type)

d. record t ime
2 .  A data l i s t i n g  by record type as spec i f ied

a . slow data - l in e printer
b. f a s t  data  (on selected device)

1. l i ne  p r i n t e r
2. 35 mm film

Because the two record types aye interleaved , each re-

cord to be l is ted may be spec i f i ed  in one of two ways , ei ther
by overall record number or by sequence number within type

(fast or slow). If a tape consists of the following records ,

the record cou nt is as shown .

S S S F F S F L ~ S F F F F SI S F F S F
Record number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 l~ 17 18 19 20 :1

Slow .- ; I - I ~ uI nce * 1 2 3 4 5 6 7 8 9
Fa st sequence # 1 2 3 4 5 6 7 8 9 10 11

- - - - rr ,~~~ 
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Case A.  To dump all  of the above records either of the
following methods should be used .

1. records 1— 2 0

or
2. slow records 1-9

and
fas t  records 1— 11

Case B. To dump the records  indicated by the above eec-
tangle use either:

1. records 8-15

or
2~. slow records 5—7

and
fast records 4-8

Records to be dumped are input via a $SS card in stan-
dard namelist format. The record number technique uses pre-

F fix A; the slow record , prefix S; and the fast record prefix
— F. The control variable for the $SS card is REC prefixed

I - with this character , and suffixed with a B or E indicating

beg inning or end of dump . For the previous two cases the

$SS card should be:

Case A.

@$SS ARECB=l,ARECE s-s20 $END

or
@$SS SRECB 1,SRECE~ 9,FRECB 1,FRECE 9 $END

Case B. S

@$SS ARECB-=8,ARECE~ l5 $END
or

@$SS SRECB=5,SRECE~7,FRECB=4 ,FRECE= 6 $END

where blank column

_______ ~~~ Ti TTTi In~~ —
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4 .  LEARJET DATA COLLECTION SYSTEMS

LYC receives data tapes from two independent systems

on board the Lear je t  36C h igh  a l t i tude  a i r c r a f t .  These are:

the PMS 1D part icle  s i z ing  system and the PMS 2D pa r t i c l e

display system . The 2D system is identical to that on the

C13OE a i r c r a f t, with the exception of a few minor VCO loca-
tions . As discussed in the previous section the current 2D

programs wi l l  read and process th i s  data without any diffi-

culty . The PMS 1D system did require an additional program-

ming effort.

There are two types of lD data received at LYC ; processed

and unprocessed (raw). The raw data tapes have two major dif-

ferences from the tapes produced on the Cl30 aircraft . The

PMS 1D tape produced on the Lea r j e t  is 9 track , 800 bp i .

Data is collected at the rate of 64 words and blocked with

32 seconds per record. (The tapes produced on the C130 air-

c r a f t  also contain 64 words per second ; however they are
blocked with 4 seconds per record.) The word structure on

the Learjet tapes consist of four 4-bit BCD characters , for

a word length of 16 bits. (The C130 word structure consists

of four 6-bit characters , for a word length of 24 bits .) Also

the recording system utilized on the Learjet is a nine-track

Kenned y 1600/3 60 recorder , ( the C130 system uses a Kennedy

seven-track tape).

With the addition of two new programs and modification

of a third , the complete Learjet data collection system has
been incorporated into the LYC data processing stream .

-—-i__n~~~-~~~ ~~~~~~~~~~~ t ~~~~~~~~~~~~~~~~~~~~~~~ - ——— j
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4.1  lD REFORMATTER (LEARPM S )

The processing of data is a rather complete system when
the ori g in  of the data is the C130 aircraft. Learjet data

is sim ilar to and should be anal yzed in the same way as the
C 130 d~~t a .  It  is most advan tageous, then , to conver t  the
raw Learjet data to- a form readable by the present lD pro-
cessing system so t h a t  the data can be ana lyzed as if it
were from the C130. This decision has two advantages. Firstly,

it e l i m i n a t e s  many mod i f i cat ions  to KNOLL1D which would onl y
serve to f u r t h e r  complicatL  this  program . Secondly th i s  de-

cis ion provides for  a backup tape to be produced . It should

be no ted that there is no other backup tape avai lable from
the Le1i rjet aircraft.

Program LEARPMS has bas ica l ly  two fu nct ions .  It wi l l
read a nine track 32 second/record tape, perform the neces-

sary reblocking and produc e a seven t rack 4 second/record
type . When t h i s  new ta pe is created it wi ll  be input  di-
rectly to the existing KNOLL1D program .

This program has been wr i t ten and completely checked
out . The program requires no input deck ; it simply reads

the input tape and produces a reformatted output tape ,

suitable for KNOLL1D processing .

IIL.~i - - v - - _  - - - I 
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4 . 2  lD POST PROCESSOR (HIAC 1D)

The second source of L e a r je t  lD data LYC receives is
the contractor-processed data . Th i s  is recorded on seven-

- - 
t rack magnet ic  tape in IBM fl oa t i ng  point f o r m a t .

- 

4 
Program HIAC 1D was wr itten to read t h i s  t ape ;  refor mat

-
- 

the data to CDC floating point; perform basic edit:ng ,

desired; calc u la te t he  normal ized par t ic le  : - a : - d - r  ut~I s1t~~;

-average the results over any given interval; ca1calut-~ the
- I m edi an  volume diameter for each probe; list the results 10

an output similar to KNOLL1D; and ç-oduce an output tape

~uitaUle for processing with program RAPP .

This ou tput  tape is iden tical to the RAPP tape produced
by program KNOLL1D . It allows the L e a r j e t  data to be input

I 
to the Radar and Aircraft Plotting Program (RAPP see sec . 5)

and corre la ted wi th the radar  da ta  received at LYC .

_________
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4.3 1D PLOTTER (KNPLT1D)

An option has been w r i t t e n  for  the standard PMS 1D
- - I plotting program ( KNPLT 1D) that  allows t h i s  data to be

plotted . When specified , this program reads the Learjet

tape; performs the necessary conversions and calculations;

and produces a f i l e  s imi l a r  to the plot tape created in

-~ program KNOLL1D. The program then produces a set of plots

similar to those produced from the data collected by th e
I C130 aircraft.

~ 

~~~~~~~~~
--. ~~~f
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5. RADAR DATA ANALY SIS

During each Cl30 data collection mission , the aircraft

is tracked by a ground based weather radar facility . This

radar samples the environment in a known volume of space

just before the aircraft passes through it. It provides a

measure of the radar reflectivity factors for the ice cry—

stals and water droplets being observed by the aircraft.

The processing stream involved to utilize this data re-

quires two programs to be run . The f i r st program , SPANDAR ,

is a data display and reformatting program . It also produces

an output tape to be u sed with the analys is  program , PAPP.

Progr am RAPP performs the anal ysis  and correlations between
the radar and aircraft data . Details of these two programs

are shown in the fo l lowing sections . 

--
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5.1 RADAR DATA DI S~~TAY (SPANDAR)

The radar l ink tapes , received at LYC , con ta in  the
meteorological information as seen by the C130 aircraft

dur ing its f l ight. Unfortunately these tapes are produced

at the App lied Physics Laboratory in Baltimore , wher e an
4 IBM installation is employed , and the data is in IBM float-

ing point format. A program has been developed to pre-

-J process these tapes. That is, a routine was written to

convert the format from 32 bit IBM 360 floatino point to

60 bit CDC 6600 floating point. The routine also converts

8 bit  EBCDIC character data to 6600 display code.

During the past year the blocking algorithm utilized

by APL was cha nged unexpec ted ly .  To account for th i s , pro-

gram SPAN DAF< had to be changed ; the program now accepts -toy

b lock ing torma t for a sing le tape . However , an automatic
dum p procedure has been incorpora ted in to the program . If
the blocking form at keeps chang ing ,- the auto-dump mode is

selected ; the bloc k in error is dumped hoxad ecima l ly  and the
program terminated . This facilitates a n y  future changes as

a result of different blocking techniuucs.

S P A N D A P  produces a tape summary that  includes , for  each
heade r re cord , the fo l l owing inf orma tion : a i rc r aft , pass,

date , height, and the data start and stop times. An output

tape is also produced . This tape is used as the input radar

tape for program RAPP. These two functions are produced 
4

with every SPANDAR run .

The program has three additiona l options , selected by

c on tr o l  cards  a t  the users r e q u e s t .  These i n c l u d e :  1) a l i n e

-- — _~~~~~~
_-; 
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printer plot of radar reflectivitiy (in DB) as a function
- of time and radar s lant  range , 2 )  a l i s t i ng  of the input

tape , and 3 )  a punched deck.

I

— 

~
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5. ~ RADAR A~ D A IR CRAFT DATA COMPAR ISON ( RAPP)

Program RAPP is the means of comparing the actua l liquid

water content, as derived by the pa r t i c l e  measurements  ob-
tam ed on the Cl30 aircraft , against the total mass of the
observed c-articles , as inferred from the  measured  r adar  re-
flectivity . The program uses two input tapes, one contain ing

4 a i rcraf t data , the other containing radar data. The aircraft

generated data is produced as an output tape from program -

KNOLL 1D. The radar  tape produced is a r e s u l t  of program
SPANDAR . The variables of concern are time , l iquid water
content (mass), and radar reflectivity . Liquid water con—

tent  is itself a function of the selected probe; the program
will use the liquid water content  for  either

( 1) scatter probe
( 2 )  cloud probe
( 3 ) precip prob e

(4 )  total  of cloud plus precip probes

A fu l l  set of plots (sec t ion  5 . 2 . 5)  is produced for  each

pass. In addition , the radar and aircraft data is listed

along wi th  the cor re la t ion  and curve f i t t i n g  c o e f f i c i e n t s .

5 . 2 . 1  DATA RECONSTRUCTION

KNOLL1D outputs its aircraft data every n seconds (where

n is a parameter of th e program ) , while SPANDAR outputs data

every  second . In order to make a better comparison of the

data , the aircraft dat-a must be known for every second . This

i<NOLL1D c-it p lt is the arithmetic m~ eii o~ the n—point smoothed

e- t ta , an - i  r-~p~~~t a-d at the bodinninc; of every n— s e c o n d  t ime

in t e r v a l  -

~n order to reconstruct one second data , two :~ethods

com e to m i n d  ( l e t  us a sSume,  that for the su 1-:e o~ t h i s  dis

cusuion , n 4 )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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(a) repeat the same data for each second four times,

and , by taking 3 such sets, f ind the least square
quadratic to the 12 points; evaluate the quadra-

tic at each second .

(b) find the quadratic exactly f i tt ing 3 points , each
of which is 4 second s apart; evaluate the quadra-

tic at each second .

The first method involves generation of ~x , x2 , ~x
3 ,

Ix ” , ly, Ixy, : x 2 y for the equally spaced data. One could

develop the  matr ix

n Ix 1x 2

lx Eu 2 Ex 3

Zx 2 1x 3

and get its inverse, since the x-values  never change.  Then
mult ip ly ing th is  inverse by the vector

Ey

Exy —

Ex 2 y

would yield the resul ts c , b, a in

y~~~~ax + b x + c

The second method is more easily solved , u sing Newton ’s

Forward formula over the three equally spaced poin ts:

Y Y0 + u ( y 1 -y 0 )  + u(u-l) (y2 -2y1~ Y o )

—

~ 
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x — x0
where u =

4

The time variable , x, will take on the values, in seconds ,
-

- from the initial time period ,

T = .5 , 1.5, 2.5, 3.5,..., 11.5

where the values of y are known at

T = 2 , 6, 10

Substituting these values in the equation , we get

T—2 T-2 T—6 y2 —2y 1 +v 0
y = yo~ —4--- (y1—yo)~~

(----
~-----) (— 4—-) ( 

2

¶ evaluat ing at

T = .5 , 1.5

we get

Y o - ~~~~ (Yi Yo )~ 
(- .375) (-1.375) (y2 -2y1 +y0)

= Yo .375(Yi Yo)± .2578i2 5(y2 -2y1 +y0)

y 5 = l.6328l25y0 -.890625y1 +.2578125y 2

and

y 0-- .l25 (y 1 y 0
) + ( .125) ( 1 .125) 

(y2~~2y~ +y0)

- - 
- 

- 
- - 
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~l . 5  = y0- .l2S (y1 -y~~)+.O7O3l2 5(y2-2y1 +y0)

y1 5  = l.l9S3l25y~~~.2 6S625y~ +.O7 03l25y2

From the first two points y(.5), y (l.5), \-e can generate

the entire set of y by a table of d i f f e r e n c es, namely
r

1 5- 
~l.5 -‘ .5

~y 1 5
2 5

2.5

The final column 
~~

y 5 mus t be cons tan t  since a quadra t ic
fits all the data , so each subsequent y ca n be calculate d

= ‘
~~k—l.5 

+

let

= ~~2 , a constant

- 2  + (~
, ~~~~~ ) + vk+ .5 k - 5  : k l 5  ~ k— .5

- + 2
~
’k— .5 

- -  

~k—l .5

for
k = 2 , 3, 4, 5,..., 12

can be verified ~~r be (us ing  T = 2 5 )

(y 0 --2y 1 +y2 )

~~~~

l6 
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Procedure for interpolation:

— 

1. calculate ~ 2 = .0625(yo _2y1 +y2)*

2.  calculate  Yi  and y2 *

y1 = l.6328l25y0 — .890625y1 +.2578l25y2

— 

= l.l953125y 0-.265625y1 +.0703l25y2

3. s e t k 3

4 .  evaluate

= 2
~~k-l 

- 

~ k—2 +

5. increase k by 1; if  k > 12 stop o therwise  re turn  to step

4

*nOte:

.0 62 5 = 1/16
1.6328125 = 209/128

.890625 = 114/128

.2578125 = 33/128

1.1953125 = 153/128

.2 65625 = 34/128

.0703125 = 9/128

_ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _  -- - - ~~, -
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This procedure must be compared with the least squares

algorithm in order to determine the more desirable fitting

-~~ technique. Three examples were performed , and refer red  to
as examples 1, 2 and 3.

Example 1: at time 2 , y = 4
- 1  at t i m e = 6 , y = 6

at time = 10 , y = 9

the computed results follow:

T Nominal Newton ’ s method Least squares

.5 4 3.5078125 3.549454

1.5 4 3.8203125 3.949051

2.5 4 4.1953125 4.380619

3.5 4 4.6328125 4.844156

4.5 6 5.1328125 5.339660

5.5 6 5.6953125 5.867132

6.5 6 6.3203125 6.426573

7.5 6 7.0078125 7.017982

8.5 9 7.7578125 7.641358

9.5 9 8.5703125 8.296703

10.5 9 9.4453125 8.984016

11.5 9 10.3828125 9.703297

Figure 24 is the comparison of these plots for example 1.

The dashed line on the plot is for Newton ’s method ; t he  sol id

for least squares. The + indicates the given , or nominal
points. Correspondingly t h e  first equation is for the Newton

L~~~~~~~~ . 
_ _ _ _ _ _ _ _ _ _  _-
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Y = + .0 3 l25  X~ X + . 2 4  X + 3.375 (NEWT )

Y = + .0 15984 X *X + .3676 32 X + 3 .3 6 1 6 3 8  (LSQ )

~~~~ k_
_
I -

:

-1

i i gu re  2 4 :  E X -u m n I e  1, p o i nt s  a t  4 , 6 and  9
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S cecnniuue , ttio second equation for least squares. bate tha t

the dashed line passes through t~~e mid po int of th e hor i zontal

line connecting each set of four points. It appears that

either curve would be satisfactory in this case.

Ex~~ p1e 2 : at t ime = 2 , y 4
- - 4 at time = 6, y = 8
-~~ - at t ime = 10 , y = 12 (s t ra ight l ine )

T born~ nal  N~ wt on ’ s m~~thod Leas t  squares

.5 4 2 . 5  3 . 07 692 3

1.5 4 3.5 3.972028

2 . 5  4 4 .5 4 .86 - 7 1 3 3
I 3 5  4 5.5 5.762238

4.5 8 6.5 6.657343
- 

5.5 8 7.5 7.552448

- 6.5 8 8.5 8.447552

7.5 8 9.5 9.342657

8.5 12 10.5 10.237760

9.5 12 11.5 11.132870

10 .5 12 12 .5  12. 027 97 0

11.5 12 13.5 12.923080

- 

Again , the dashed line on the plot is for Newton ’s method ,

and the sal id is for the least sauart - n . The curves  i tO
- 

- 

. 

aga in  r~-~1at i v I  ly close , and t her e  ap p ear s  1 o be little mo—

t ivation for n~-l eeLincj one method in preference to the other .

F oiure 25 compares these t : -~e p lot s .  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ - - -—~~~~~~~~~~~~~~ -~~~~~~~~
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Y = +1. X + 2.  (NEWT )

Y = + .895104 X + 2.62937 (LSQ)

+ +,* +

/71 0S

I I  I ‘~~~~~~~
00 2.4 4 : 3  7 .1 9 .5  12.0

Fi gure 25 : Ex amp le 2 , po in ts at 4 ,8 and 12

_____________ 
_ _ _ _

-- 
___;~~ _ — —~~~~ 

- - 
~~~~

__ 
~~~~~~~~~~~~~~~~~ —_------ ~~~~~~~~~~~~~ ~~~_a .~~~ -
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Examp le 3: a t time = 2 , y = 4

at time = 6 , y = 9

at time = 10, p 6

T hern i al Newton ’s method Least squares

- 
- .5  4 .0625 2.758242

1.5 4 2.8125 4.260740

2.5 4 5.0623 5.507492

3.5 4 6.81~~5 6.498501

4.5 9 8.0625 7.233766

5.5 9 8.8125 7.713256

6.5 9 9.0625 7.937062

7.5 9 8.8125 7.905094

8.5 6 8.0625 7.617382

9 . 5  6 6 3123 7 . 0 7 3 9 2 6

10.5 6 5.0625 6.274725

11.5 6 2 . 8 1 2 5  5 .21978 1

See figure 26 for the comparison of these curves. Hare

we see an int e res t ing  phenomenon . The dashed l ine (Newton ’s)

f i t s  the da ta cons ide rab ly  be tter than the least square curve .
R emember in g tha t these given points have already been smoothed
by averaging , it appears  tha t  the least squar e techn ique is
smoothing even further . Tha t is , the  least squ are technique
is smoothing out the peaks and valleys , eliminating the o n —

ginal character of the data .

Th is example leads to tho conclusion that Newton ’s

method is the more desirable tecnique . It is noteworthy

that it. is also easier and thus more efficient.

- - .

~

_. - -.- -~~~~~~~ ~~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~
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Y = - . 24 X *X + 3 . 2 5  X - 1.4 (NE WT )
- 

Y = — . 127872  X*X + 1 .758241  X + 1.911089 (LSQ)

-

-. 12~~ 
-

- 108  -
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Although this technique works well , a recent flight (27 MAR

76) did yield erroneous data. Because the LWC and Z averages

were- so low , some calculated points along t he  curve entered

the negative domain. This was , c f  course , una-cc - - ptable and

a new technique wa s consider ed.

Newton ’s Forward ~ormua.
- i , how ever , did work well with

— good data . The same technique was attemnted using the iogs

of each point , rather than actual data . After the interpo—

lation , antilogs were take n , and t he  r e s u l t s  were , of course ,

always positive . his modification worked well and is currently

being used . The steps used are shown below :

For three q iven poin ts  ( t1 ,y1), (t2 ,v2), (t~~,y3) and an
— average in terval  in

1. take logs
= L0G10

( y )

= L0G 10 ( y 2 )

= L0G10 (y3 )

2. calculate for each time t, from t t 1 -m/2 to

t t 3 +m/2 u s i n g

= + (t ~~~~[v 2 - ~ (t ~~~~ ) (Y 3 -2Y 2 +

3. L i k e  antilogs 

—- -
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5 . 2 . 2  AIRCRAFT-RADAR CORRELATION

The radar data, as has been explained , is the result of

locking the signal at a fixed distance in front of the air-

craft. This means that the radar time for the particular

data is early, and the time has to be changed . By examining

the radar data of azimuth, elevation and range, one can de-

termine the ground speed over a desired time interval. Then

one can calculate the time lag , t

t = d /s

where d is the “lock-on-distance ” and s is the ground speed .

This value of t is added to the reported value of t for the

radar data . However, because of the nature of the radar in-

strumentation, there might still be a timing error of a few

seconds. In order to minimize this effect, a cross-correla-

tion is performed between the aircraft z and the radar z.

This correlation is done with ~t = —3 , —2 , —1 , 0, +1, +2, +3

and the ~t corresponding to the maximum correlation is chosen

as an additional time offset.

The equations used (REF: INTRODUCTION TO MATHEMATICAL

STATISTICS, Hoel, pp 117-122) is shown below .

Z [(x~”~ ) (y± -y)] where:
— 

i=l S = standard deviationr — r = correlation coefficient
• 

n S x Sy

~xv — nxvr =  -
~ 

-.

I
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r =  nzxy -~~xIy

/[n~x
2_ (Zx)2][nEy2_ (Zy)2]

5.2.3 LEAST SQUARE CURVE FITTING

A least squares fit to the data is made for plots 1,
2 and 5 from list on page 96. Since the choice of variables
for x and y is rather arbitrary, two least square lines are
calculated:

H
x = c y + d

and the 1~MS (root mean square) error is calculated and re-
ported for each. The fit with the lesser RMS error is chosen
as the fitting function. The formulas for the fitting func-
tions a.nd RMS are:

X = ~~ x/m
- (m points)
y = E y / m

Ex 2 -

b = y - ax

—

d = x - cy

r1 ~~~ 
+ a 2 Yx 2 - 2a~ xy 

- b2

r2 ~~~ ÷ c 2Zy 2 - 2cZxy 
- d2

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~
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RMS 1 = v’~~j

RMS 2 =

5.2.4 LEAST SQUARE FILTERING

At the request of Mr. Vernon Plank a filtering routine

was added to program RAPP. The routine allows selected radar

data (Z) to be omitted if it falls below the minimum detect-

able radar Z. This minimum detectable signal is not a con-

stant but a function of radar slant range and a calibration
constant. The equation used is as follows:

Z . (DBZ) = DB 1 + 20 LOG (r) + corrmm 10

where
DB 1 = calibration constant at 1 km

r = radar slant range (kin)

corr = particle type correction 6.5

for ice, 0.0 for water

This function is also plotted on the radar Z histogram to

graphically depic t the data to be ignored .

5 . 2 . 5  SAMPLE PLOTS

The list of plots below are included on the following

- pages.

1. A/C MK (l000*M/ [~ ) vs.  RADAR Z (Log-Log )
2 .  A/C M vs. A/C Z (Log-Log )
3. RADAR and A/C Z vs. TIME (Semi log)
4 .  A/C MK and RADAR Z vs. TIME (Semi log )
5. A/C Z vs. RADAR Z (Log-Log )
6. FLIGHT TRACK (FOR KWAJAI JEIN DATA ONLY) t

_______________________ 
•. 

~~~~~~~~~~ 
•.

~~~~~
-
~

•.- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• 6. AIRBORNE DATA COLLECTION SYSTEM

The airborne data collection system utilized by LYC is

composed of a Digital Equipment Corporation PDP 8/E central
processor with an 8K core memory. The following peripheral

devices are also included:

1. twin dectapes

2. Dec magnetic tape unit

3. GE high speed printer/keyboard

4. Tektronix CRT/keyboard

5. PMS 1D data buffer

6. A to D converter

Figure 27 on the next page shows a block diagram of the

complete data collection systems on board the C13OA and E air-

craft.

Figure 28 on the next page following depicts the PDP 8/E

and its associated peripherals on board the C13OE .

There also exists a PDP 8/E at LYC which is similar to

the airborne PDP 8/E , and is used primarily for program de-

velopment. The configuration of peripheral hardware, however ,
on the LYC computer is not the same as the airborne machine .

At LYC, there is neither an A to D converter nor a GE I/O

High speed printer/keyboard. The DEC writer is used for

inputting numbers, and for the printing of the results. Thus

no VCO or hard-wired input comes into the computer directly.

At LYC, inputs which are necessary for debugging are simulated

by patch boards, or the reading of output tapes back into the

computer .
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In addition, there are significant differences in the
lOT (input-output transfer) commands. The lOT ’s are the

commands the programmer uses in order to obtain , make ready
• or output parameters from or to core locations. The reader

should note that certain lOT ’s are not available on the LYC

computer (PMS and VCO inputs). More importantly, the pro-

grammer is cautioned that a particular lOT will execute quite

differently on the two computers. Also, both computers use

the same lOT ’s for the magnetic tape device .

The processing performed on the airborne computer is

divided into two parts: the first is the collection of data

while the flight is taking place, and the monitoring of that

data . This first part is called the real time analysis.

The second use of the airborne computer is referred to as

post flight processing and is really a data verification

printout .

I
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• 6.1 DEC PDP8/E OPERATION

This section describes the procedures used to bootstrap the

computer and start up the OS/8 operating system. OS/8 is used

to call out programs for execution such as, RTS8, QWIKY, etc.
The procedures for mounting and dismounting magnetic tapes are

also described .

Bootstraping the Computer

press down HALT and pull back up

Dial in one DECtape unit as ‘0’ (zero), the other as ‘1’

REMOTE/OFF/LOCAL - OFF

WRITE ENABLE/WRITE LOCK - WRITE LOCK

Mount current system tape on unit zero
Thread tape onto take up reel

REMOTE/OFF/LOCAL - LOCAL
‘+ ‘ press until tape is secure on take up reel

REMOTE/OFF/LOCAL - REMOTE (REMOTE SELECT Light should come on)

set SR (switch register) to 7470

press LOAD ADDRESS, EXTD ADDR LOAD , CLEAR , CONTINUE

the hardware ROM will now cause OS/8 to be loaded into core

and started

the computer should print a dot (.) on the Tektronix to signi-
fy that the OS/8 is running and is ready to accept commands

Mounting and Dismounting Magnetic Tapes

The first step in mounting a tape is deciding whether or not

a write enable ring should be used . The write enable ring

should be used if the tape is being mounted prior to running ,

RTS/8 for a data collection mission . The ring should not be

used when running QWIKY , IBOL or any program which retrieves •

data already on the tape . (

—~•—-~~~~~~~~~~~~~~~~~~~~ ~• •~~~•:_ -~~ -_ • •~_ •• ••_ • ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ _______________
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Next, the following steps should be followed to mount the

tape

turn transport  on

LOAD/BR REL - LOAD

ON LINE/OFF LINE - OFF LINE

START/STOP - STOP

FWD/RE W/ REV - FWD

START/STOP - START

the tape should now advance to the load point and the LOAD
POINT light should come on

UNIT SELECT - 0

ON LINE/OFF LINE - ON LINE (SEL and RDY lights  should come on)

the tape is now ready for use
-k

To dismount tapes use the fo l lowing  procedure

ON LINE/OFF LINE - OFF LINE

START/STOP - STOP

FWD/REW/REV - REW

START/ STOP - START

tape should rewind and posi t ion i tself  at the load point
• (LOAD POINT l igh t  wi l l  come on)

LOAD/ BR REL -. BR REL

the  tape should now be spun of f  by hand

r~.-~-~- ~~~~~~~~~ -~-~~- . ~~-- 
• 

~~~~~~~~~~~ - _ 
~ -~
‘ - - ~~~~~~~~~~ •.
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6.2 REAL TIME SYSTEM RTS/8

The real  time data col lect ion system consists  of a monitor

(RT S/ 8) capable of managing a m u l t i-t a s k  environment and several
tasks which run under control of this monitor . The operator may

selectively run and halt these tasks as desired . The pr imary

task which runs  under RTS/ 8 is the TAPE program which records al l

per t inen t  data onto magnet ic  tape . The use fu lness  of the RTS/8
monitor lies in the fact that it allows programs to run real time

in a mul t i - t a sk  environment, tha t is , t a sks  may respond to exter-

nal stimuli and run at the same time.

The RTS/8 monitor  is the heart of the data  collection system .

Program s TAPE and LWCD are run  under control  of t h i s  monitor .

To run RTS/ 8 the fo l lowing  proc edure should be followed

TEKTRONIX R40 10

POW E R - ON

LOCAL/ LINE - LINE

PAGE - press a f t e r  screen l i g h t s  up

HARD COPIER 4610

POWER - ON
Select a magnet ic  tape wi th  the  wr i te  enable r ing  in to be

used to record the f l i g h t  data
Mount the  tape on the Tub ( r e f e r  to section 1.2 for  a

descr ip t ion  of th i s  procedure)

• Bootstrap the  computer  ( re f e r  to section Li  for a des—

cript ion of th i s  procedure)  and respond to the 05 / 8

do t L y t y p i n g  .R RTS8

The sys tem should  p r i n t  an a s t e r i sk  ( * )  on t h ~- Tek t ron ix

to s i g n i f y  t h a t  RTS/ 8 is r u n n i n g  and ready to •-c~~pt
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RTS/8 will accept the fol lowing commands at the command

level (signified by the asterisk printout)

ON , name ac t iva te  user program “ name ”

OFF ,name de-activate user program “ name ”

To get to command level s t r ike  a charac ter  wh i l e  RTS/ 8 is

runn ing

To terminate data collection operations push the HALT switch

on the computer and dismount the magnet ic  tape f rom the Tub

(refer  to section 1.2 for a descr ip t ion  of th i s  procedure)

6 . 2 . 1  Program TAPE

The TAPE program is the rou t ine  which  ac tua l ly  wr i t e s  the

f l i gh t  data out to magnetic tape .  To beg in the data col-

lection respond to the RTS/8 a s t e r i s k  by typing

*ON , TAPE

The tape will then begin recording data . A record will be

wri t ten  every three (3)  seconds.

6.2.2 Program LWCD

The LWCD program provides the capability of monitoring liquid
water content in real time . Liquid water content is calcu-

lated , averaged , and displayed for a time interval defined by

the operator . Five different particle types are supported

and the cloud or precip probes may be used exclusively if

desired . •

To r u n  LW CD respond to the  RTS/ 8 system a s t e r i s k  by typing

, LW CD
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LWCD will then print

VELOCITY (KNOTS)

• respond by typing the velocity in knots (an integer) and
return. Note that all inputs to LWCD are terminated by

return.
14

LWCD then prints

SAMPLE PERIOD (SECS)

respond by typing the sampling period to use. This must

be a multiple of 3. (3,6,9,12, etc .) During a run of LWCD
• the average liquid water content during each sampling in-

terval is displayed on the Tektronix screen. After the

sample period has been entered LWCD will print

PARTICLE TYPE

~~~ I

respond by typing the particle type number (an integer from

1 to 5). The particle types currently supported by LWCD

are:

1 Rain

2 Small snow
3 Large snow

4 Wet snow
5 Bullet-Rosettes

LWCD then p r in t s

PROBE

respond by typing C to use only the cloud probe

P to use only  the preci p probe
• or just return to use both

~~~~~~~~~~~~~~~~~~~~~~~
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LWCD is now running and will display liquid water content

for every sample period.

After every sample period the following line of output is

displayed on the screen.

HH:M M :S S TYPE X LWC X .X X

where HH:MM:SS is the flight time clock

TYPE X is the particle type number being used
in liquid water content calculation

(input by operator)

LWC X.XX is the average liquid water content in

grams per cubic meter over the sampling

period input by the operator

To terminate a LWCD run respond to the system asterisk by

typing

• *OFF ,LWCD

(To get the system asterisk strike any key while LWCD is

running.)

I

• .4
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6.3 REAL TIME SYSTEM RTX/8

L In addition to the support and maintenance DPSI has

provided on the initial system (RTS/8), we have designed
• and developed a completely new real time operating system

RTX/8. As the year progressed , improvements that would

enhance both the quality and quantity of the data collected

became more apparent. After considerable discussion and

planning the consensus of opinion was to create a new sys-

tern rather than completely revise the original. Externally,

r to the user, both systems appear similar; however the level

of sophistication utilized in the new software prcvides for

far more versatility as future requirements change, as well

as an improved data collection system .

• 
• The heart of the new RTX/ 8 system u t i l i zes  the concept

- 

:1 
of event processing. An event is a two-state condit ion
(either true or false) that is used to keep track of a par-

ticular occurence while the system is running . (The reader

should keep in mind that many of these occurences take place

in a given instance.) The generality of this event scheme

is extremely us ful in a real time environment where many

independent functions occur simultaneously. When these

functions reach a significant point in their execution , the

computer must recognize this fact and initiate whatever action
• is required . As an example of a significant point in the

processing stream, consider the task of filling a data buf-
• fer . As the data is being collected by the system and

stored in the buffer , a significant point occurs when the

- data buffer becomes full. At this time the “full data buf-

f c r ” event flag is set to true . Setting this flag true sig-
• rtals ~inother program to record the buffer on magnetic tape.

~~~1I~k_•t t • • • • •~~~ ~~~~~~ ~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~-~~~“~~~~~ r ~~~~~~~~~~~~ • •  -~~ - —~~~~~- -~~~~~~ ~~• •
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• . After the data buffer is recorded the event flag is cleared
• (i.e. set to false) and the process is repeated . The fob-

• . lowing list shows some of the on going functions that uti-
lize this event flag technique.

1. PMS synch pulse detected

2. Tektronix screen erased

3. PMS buffer processing completed

4. Operator typed Pt C on keyboard
5. Liquid water content calculation completed

6. Magnetic tape error detected

The versatility of this technique is apparent from this
list of functions . Tasks to the system may be added or de-

leted easily without affecting the overall processing flow.
This even t—flag  scheme has another powerful advantage over
the earlier system . In certain applications the status of

one event is important to many different programs and spe-

cialty routines.

Consider the operation of the Tektronix screen . This

device is used by many different programs (plus the opera-

tor) during data collection. When the screen becomes full

it must be copied and erased; all programs using the screen

must be made aware of that fact. The plotting program , for
example, must redraw the axes and begin plotting at the

orig in .  Only one event f l ag  is required to inform all the
other user programs that the screen has been erased .

The event-flag technique allows many functions to be

performed , that would have been impossible otherwise. Some

of these capabilities are listed below:

II ~. --. -•- • -• • - • • • -•-•------ ---- • - • 
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• 1. Simultaneous usage of both the Tektronix screen
and GE printer as independent input/output devices

2. Detecting and reporting all errors due to inagtape

problems or data transmission

3. Reporting all inoperable devices

4. Monitor integrity - i.e. user programs cannot

cause system crashes

5. Complete communication between all user programs

if desired

Full exploitation of this concept offers numerous advantages

that were unavailable to the earlier system . 1~t this time

RTX/8 is fully operational; additional features  wi l l  be in-

stalled in the near future.

‘-4
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6.4 POST MISSION DATA REDUCTION SYSTEM

The post mission data reduction system consists of a series
of programs which read 1D PMS tapes or PDP8 generated tapes and
perform various bookup and display options. Specific time in-

tervals may be retrieved . These programs would be used on site
for prel iminary data analysis  prior to processing on the AFGL

j CDC 6600.

6 . 4 . 1  P.roram QWIKY

QWIKY performs a quick look type dump for all lD PMS and
PDP8 data tapes. PMS tapes may be used from the C13OA or

the C13OE. The dump printed by the program includes time

printouts, raw and calibrated VCO ’ s, total probe counts,

and certain values derived from this data.

/
The program may be run in two different modes. The f i r s t
mode dumps the ent i re  tape p r i n t i n g  averages over a speci-
fied in terval .  The second mode allows flight time or elapsed

time to be used to locate a record. This feature will be
useful in locating t he st art  of a sampling run or any time
interval of interest. The operating instructions for QWIKY
are shown on the following four pages.

1. Mount the magtape to be dumped on un i t  0 with the write
• 

- enable r ing removed to prevent any possible corruption of
• • da t a

2. Turn on the GE Terminet  p r in te r , press the ‘ON LINE ’ button
• and be sure that  the paper is f r e e  to feed.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _
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3. Respond to the OS/8 dot ( . )  by typing “R KNMON” ( r e t u r n ).
(for detailed explanation of how to get the OS/8 dot refer

to section 6.1, Bootstrapping the Computer .

When QWIKY is started it will print

QUICK-LOOK PROGRAM

FLIGHT TAPE (F)  OR KENNEDY TAPE ( K ) ?

4. Respond by typing F if the magtape is a PDP8 generated flight
tape of K if the tape is from the Kennedy tape recorder in

the PNS system . Terminate input with a return. Note: all

inputs to QWIKY are terminated with return. If K is input

the program will then print

A or E?

5. Respond with A if the tape is from the C13OA or E if the

tape is from the C13OE. The program will then print

FLIGHT NO., DATE?

6. Enter the flight number and date or a string of up to 30

characters which identifies the tape . The program then asks

ALL (A) OR SPECIFIED (S)  TIMES?

7.  Respond wi th  A to dump the whole tape s t a r t i n7  at ;;hatever

record the tape head is c u r r e n t l y  at. The program will not

rewind the tape to the load point before dumping . This is

useful if the program fails to locate a specified t ime in-

terval. ‘ihe operator may position the tape to approximately

where the desired time ‘.-:hould be using the o f f  l i ne controls

on the TUb . The A option may then be used to d e t e r m i n e
what  was recorded on the tape .  There is one smal l  problem
assoc ia ted  w i t h  t h i s  p rocedure .  When the o f f- l i n e  controls

L1~~~~~~~ •~~~~~~~~~~~~~~~~~~~~~~~~ — . — -~~~ --- - —.--— — — ~~~—~~~~~~: .~~~~~~~~~~~~~ 
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are used to forward space or backspace the tape the TU1O

does not stop on an even record boundary . Therefore the

first f ow seconds of data produced by the program should •

- 

be ignored if tape has been moved with the off—line con— :1

trols.  The program will  detect this  error condition and
print

!!!INCORRECT MAGTAPE RECORD LENGTH !!!

This printout is normal after the tape has been moved with

the off-line controls, however it should only pr in t  once.
The f i rst read done by the TU 1O wil l  reposition the tape
head to the beginning of a record and subsequent records
should be readable without generating this error . If this

printout  repeats continuously the tape is not in the cor-
rect forma t and any results printed by the program will be
incorrect.

8. The S option allows the operator to specify time interval
on the tape to be dumped. If this  option is selected the
program then prints

CLOCK ( C )  OR ELAPSED ( E )  TIME?

Type C to use the f l i g h t  t ime clock to look up records or
E to use the PMS buffer elapsed time . The program will

at tempt to f i n d the specif ied time in te rva l  no mat te r  where
it is on the tape and wi l l  m i n i m i z e  tape mot ion as much as
possiLle . If t h ~ tape has gone beyond the t ime interval
desir ’• L  t~~~ program wi l l  backspa~’o as necessary. It  is not

• n ccessa ry to rewind the tape to the load point be fo re  each
run . •

;~f t e r  the operator has specified which clock to use the

program will print

~~i
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START TIME

9. Respond by typing the starting time for the dump in the form

SSSS to specify a four digit elapsed time in seconds or

HH: MN:SS to specif y a f l ight time . The program wi l l  then
pr int

STOP TIME

10. Respond with the time to stop the dump at in the same form
• 

- used for the starting time.

The program now asks

AVERAGING INTERVAL (SECS )

11. This question is printed for both the specified time interval

and dump all times mode. Respond with  the number of seconds
to be represent ed in each p r i n t o u t .

The program then begins calculating averages over the speci-
fied time interval and printing a report for each in te rva l .
Contained in each printout are the start and stop flight and

elapsed times for the interval , ave rage VCO values , average
values of parameters derived from the VCO ’s, and total  probe
counts.

• 12. The program may be restarted from the beginning by sett ing

the switches to 0200 and pressing HALT, ADDR LOAD , EXT ADDR

LOAD , CLEAR , CONTINUE.

13. Al t e r n a t i v e l y  the program can be res ta r ted  from the “ ALL (A)

OR SPECIFIED (S) Tfl.IES? ” question by setting the switches to
0000 and press ing HALT , ADD~ LOAD , EXT ADDR LOAD , CLEAR ,

CONTINUE.

~~~~~~~ 
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Error Recovery Procedures

The following error messages may print out during execution

of QWIKY.

Tprintout possible cause(s) recommended action(s)

TIME INTERVAL OUT OF time specified not use “A” option to see
RANGE on tape what is on tape

**END OF TAPE** time specified not rewind tape and try
on tape another time interval

!HNAGTAP E PARITY bad tape , bad Tub try another tape;if
ERROR!! !  the printout is in—

frequent it may be
ignored ;however if
data looks bad this

• is the cause

!!!INCORRECT MAGTAPE bad tape (un l ike ly)  try another tape;re-
• RECORD LENGTH!! !  question asking if start program at 0200

tape was Kennedy and answer question
tape (PMS ) or correctly
Flight tape (PDP8)
was answered in— no action necessary
corr ect ly tape head simply ignore results
was not on even re— of f i r s t  averag ing
cord boundary due interval
to operator moving
it using off-line
controls 

_______________________

Some errors will not be detected by the program . Following

is a list of the conditions and recommended actions.
- j disposi t ion possible causes(s) recommended action(s)

TUlO “ rocks ” and wil l  bad tim es on tape use “A” option to
not locate time speci- dump tape
f ies

pr ogram wil l  not load bad system tape t ry  backup system tape
unknown notify DPSI

program “hangs  up ” unknown record AC , PC , MQ and
n o t i f y  DPSI

program halts unknown record AC , PC , MQ and
not i f y DPSI

• • - - - • - - - —~ •~~~~~~~ — -———-—-~~~~~~~~~•r • ~~~~~~~~ _~~ —~~-~~~-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ----- ~~~~~~~~~~~~~~~~~~~~~~~~~~
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6.4.2 Program IBOL

IBOL provides the means of re t r ieving f l i ght da ta from f l i g h t
data tape created by the RTS/8 real time data collection pro—

gram . Data from the Knollenberg probes is specified by VCO

• n umber and may be retrieved on the basis of time, referencing

ei ther the a i r c ra f t  clock or the elapsed time counter of the
Knolleriberg device.  Data may be p r i n t e d  on the l ine pr in ter
or displayed on the CRT (DECwriter  for  Lab vers ion)  as spec!-
fied b~ the operator .

To run IBOL mount the PDPB generated flight tape with the

write enable ring removed to prevent any possible corruption

of data

Tur n on the GE Terminet  p r in te r , press the ‘ON LINE’  but ton
and be sure that the paper is free to feed .

Respond to the OS/8 dot (.) by tyrirI c “R IBOL ” ( r e t u r n ) .

Once initiated by the R IBOL directive the IBOL program re-

quests input from the operator regarding the flight i~~en ti-
fi:at~ on , r e fe rence clock , sta r t and stop times for the data

desired and f ina l ly  a l ist of the Kno llenberg  words to be
rt~Lrieved and di splayed .

Once the r~ quired parameters have been supp1i~~d , the program
IBOL will commence a search of the records of the RTS/8

flight t ape  antil the data of the specified time period is

loca te d .  The des i red <~ w values ~ibl then be ret:rieved and

display cl on e i the r  the CRT or l ine  pr in te r  ep~’ndinq upon

which has been s p e c i f i e d  as the output device as follows:

Set switch register bit zero:

SI~ bit 0 0 ouI~~a~- on CRT (DEC’.-:ri~~:r for lab version)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~-~~~~~~~~~~~~ --~~~~~~---~~~~~~~ - ~~~~~~~•- -~~~~~~~~~-• -- -
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SR bit 0 = 1 output on Line Printer

When all the data for  a given time interval has been dis-
played , the program wi l l  initiate i t se l f  to al low a new pass.

The data tape is not rewound at this  time . (see example of
program operation)

operator inputs (all underlined charac te r s  are program gene—
-

- rated )

-• A) FLIGHT IDENTIFICATION

NOTE : MAKE OUTPUT DEVICE SELECTION NOW

operator may enter up to 500 characters to provide an

identification text which will appear on the output (if

the l ine  printer is selected as the output peripheral ,

or on the CRT if it is th e specified output device.)

Any character may be entered with the exception of the

back slash which is used to terminate entry.

NOTE: Errors during entry of the flight id can be cor-

rected by use of the ‘rubout’ key . Each time the rub—

out key is depresseci , the last character is erased from

the identification string . To restart the  entire id

entry operation , s:nply depress  ‘control ’ and ‘C’ sirnul—

taneously .

B) ENTE R AC OR ET FOR CLOCK SELECTION

operator responds by typ inq AC (space) if the aircraft

clock is to be used as the t ime r~~f er ence for  data inter—
val ~pacification El (space) if the elapsed time from

• Knollenberg is to i:e used as the time reference.

C) BEG.U;

• I enter start time of the interva l over ~hich data is to

- ~ 
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be retrieved . Two formats are used depending upon the

clzck selection made in step (B).

1) if AC was selected , the program expects a time given

in the form of hours, minutes and seconds:

HH:MM:SS (space)

2) if ET was selected , the program wants an elapsed t ine

in seconds between 0 and 9999:
• 1234 (space)

-

~~~~~ D) END 

enter the finish time of the interval over which data is

• to be retrieved . The form of time entry must be the same

as step (C).

E) ENTER KNW SELECTiON FOR DISPLA Y

TERMINATE OPERATION WITH A SPACE

operator may enter the Kt~W numbers to be retrieved and

di sp layed . The range of KNW numbers is 1 to 63. Selec-

tion of KNW numbers outside that range will result in in-

correct values.

~~~ numbers may be specified as individual numbers sepa-

rated by commas or as a sequence of contiguous KNW ’s by
means of a dash to separate the first from the last KNW .

In each case, the KNW number or sequence must be followed

by a comma with the exception of the last number which is

r fol lowed by a slash to terminate the operation .

examp le : To d i s p l a y  KNW numbers 1,6 t h r u  12 ,9,22 and
45 t ! ~~~

- 63 , t~-.e following type in is made:

l , 6 — t 2 , ’) , 2 2 , 4 5 - 6 3  (/ )

I
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J 

NOTE : 
- • -Errors made duri . 

~ th~ entry of KNW numbers may be cor

rected by depressinc : the ‘rubout ’ key . This has the

effect of clearin ; any  ::artially input number and allow-
ing a new entry. ~r~~o the number has been completed how-

ever , (termin ~~ eJ with a comma, space etc.) the  rubout

‘.-.~ ll have no eft~ :t. ::)te also that operation of the

rubout key ~ i11 not r2~;alt in carriage motion or charac-

~~r r crho .

Once the required infurnation has been provided to the

program , the des i red data is located on the RTS/8 flight
— tC~~e and transmitted to the device selected as the out—

peripheral (CRT or line printer).

• h a t a  is recovered until the end of the interval speci-

fied in step D is reached . At such time , the message
‘ F hD  DATA ’ is typed and the program automatically re—

initiates itself for another run . If for some reason ,

the run must be interrupted and new parameters used ,

• striking any key will cause the program to re-initialize

itself after the current display operation.

On completion of any given run , the flight data tape

is positioned at the point of last data acquisition . If

• it is necessary to recover other KNW values from an earlier

time period on the same flight tape, the tape must be
manually rewound prior to commencing the run.

.
‘
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6.5 TESTING and CALIBRATION

• Shortly before a scheduled data collection mission, it

is desirous, whenever possible, to perform certain system

tests. This insures that the data collected will be of the
• best quality prossible. Many minor system malfunctions can

be corrected at this time. Also, periodically throughout

the season , the VCO calibrations are rechecked . The program
KNNON was written to assist the flight crew when performing

these tests.

I 
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• 6 .5 .1  Program KNNON

This program was developed for testing and checking out

• of the PMS interface and associated N l703  card in the compu-
ter . Any desired Knollenberg channel may be selected for
monitoring by the operator . The channel selected is printed

every second since the PMS system sends its blocks of infor-

mation at this rate. Since the channel is printed every time

the PMS system sends it to the computer , pr intout  from the
program should be useful for calibration work and treubie~~~~
shoot ing VCO ’s in addition to checkout of the basic PMS buf-

fer functions and the sync word .

To operate the program

1. Respond to the OS/ 8 dot by typ ing “R KNMON” (return) -

2. After F~NMON is started it wil l  p r i n t

KN CHA NNEL

Respond by typ ing the Knollenberg channel to monitor
(from 1 to 64) followed by return. The program will

then print the value of the selected channel every

second .

3. To select another channel set SR to 0200 and r:rcss ‘ HALT ’ ,
• ‘LOAD ADDRESS ’ , ‘EXTD ADDR LOAD ’ , ‘CLEAR ’ , ‘Coyl •yp ’ then

continue from step 2. 4

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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7. ADDITIONAL TASKS

During the year certain tasks became apparent that

would ease the everyday processing , and in some cases the
analysis, that occurs at LYC. Usually these take the

form of short real-time programs to be used on the CDC 6600
terminal; however, in some cases the DEC PDP8/I and E are

utilized . In all cases the goal is to eliminate some of

the tedious but necessary work required of the LYC scientists.
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7.1 Program LOOP

Program LOOP is the last anal ysis performed in the post

flight processing . As a result of the runs of X~Ch~LlD and

RAPP , the relationships between radar reflectivity and liq-

uid water content are calculated b’,’ fitting f&:nctiens. A

missile will be fired into this san e cload for nation after

tl-’e aircraft has landed , and radar observations will be

taken as the missile passes through the atmosphere. The

radar response will be values of reflectivity for which

liquid water content will be desired . (These z values are

taken from the LYC “storm top” plot.)

The input to program LOOP is handi d by a special pro-

gram called BOBIN. Both LOOP and BOBIN are designed to be

executed at the 6600 terminal, with output printing at the

computer center-

BOBIN will first request the 21 points which describe

number density versus size. These 21 numbers are output

from KNPLT1D. The diameters of these 21 points are fixed

at .075, .15, .25, and from .4 to 3.8 spaced at .2. The

program will also request the three sets of A , B coeffi-

cients from KNPLT1D and RAPP. These three A’s and B’s are

described below:

B 1
M = A1 Z from RAPPa a

B 2
K = A 2 Z f rom RAPP 

— _ !_____•__•____,-•,,t •~~~~~~~~__ •,___.=•_ ~~~~__~~=_ __ • -  Z : •  • •~~~~~~~~~ ~ _ •  -
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B3/3
D = A (Z /M ) f rom KN P L’ lD

a a

where the subscript ‘a ’ indicates an aircraft derived

parameter and the subscript ‘r ’ indicates a radar derived

parameter

Program BOBIN allows the user to print and modify any

of these 27 values (21 points from KNPLT1D , 2 sets of A , B

from RAPP and A 3, B3. When satisfied , control is tranferred

to program LOOP for execution . This separation of function

was done in order to allow LOOP a restart function without

having to reinput the 27 numbers. It is especially useful

for rerun, and in the event System. L &t the computer center
crashes. Program BOBIN creates a permanent disk file of these

numbers; it also purges the previous f i l e  when a ne~ f i l e  is
made and updates the cycle number . This data file is called

X4340.

Program LOOP will determine the mass (M) and nedian

volume diameter (D0) for measured radar reflectivity using

empirical distributions of dimensionless diameter (D/D 0)

vs.  dimensionless number densi ty  (N D 0~~/ M ) .  A short  scien-
tific paper has been written describing tlv too~~x •:-~es for

this determination . This paper in its entirety is inclu’t d

here.  —  
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From the running of analysis programs on flight data (see
KNOLLID and RAPP in “DEVELOPMENT AND APPLICATION OF DATA PROCES-
SING TECHNIQUES AND ANALYTIC PROCEDURES TO CLOUD PHYSICS DATA” ,
by Belsky, Kaplan and Rodenhiser, AFCRL-TR-75-0427 , 28 July 1975)
three fitting functions are produced . The first yields a fit of
22 points of D/D0 (equivalent melted diameter over median volume
diameter) by ND04/M (number times the fourth power of median vol-
ume diameter divided by the liquid water content). The second
produces a least square fit of the parameter (mk) such that

(ink ) = A 1 zB1

where (mk) is defined as the liquid water content divided by the

square root of the radar reflectivity, Z is the radar reflectivity
and A 1 and B 1 are the f i t t ing parameters.  The third produces a
least square fit to the median volume diameter such that

B2/3
• D 0 = A 2 (M/ Z)

where ~ is, again , the liquid water content and the A2 and B2 are
fi tting parameters.

Our task is for a given (D/D 0)max~ 
and a given radar reflec—

tivi t y, Z
R F to f i nd the D 0 and M which sa t i s fy  the equations

Z = I D6~~~ — Fd DR 
o D0~
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I
M = j - I D 6 _

~~_ FdD
0 

D
0

4

(D/D 0)
ZOBJ = 

max D6 J~L FdD
D0

(D/D 0 )
MOBJ 

= 
max U 3 

L 
FdD

0

= (iak)

where F is the output function ND0~ /M

N is the mass, or liquid water content
D0 is the median volume diameter

ZR is a measured radar reflectivity

D is an integration variable

(DID 0) is the instrument e~aximum (will be referred

to as IM)

The reported output for F, or ND 0~ /M is actually their logs
base 10. It will thus be more cc .wenient to write lOx’ for F,

where y ’s are the numbers actually being printed . In addition,

the third fitting function:

D0 = A 2 MB 2~’3

will be used solely to obtain an original estimate to D0..

The analysis for solution follows.

~1

• • •—•-. ~~~- r • ~~~~~~~~~~~~~~~~~~~~~ ——
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given the following equations 
4

1 N = -

~~ 
f  D 3 —~~--- lO~

’ dD
0 D0~

2 N it 

1
D 0 D 3 —~~~~ - ~~II

’
~ dD

0 1)o~

3 = -
~~~ J D 3 _!-~_ 1 Q Y dD

D 0

4 Z = f  D 6 
~ 

10y dD

5 MOBJ = (xn k) / Z OBJ

6 NOBJ = 

IN 

D 3 —~~~ -- 10y dD

7 ZOBJ = f  D 6 —a--- lO~” dD

investigating the first three equations , it is helpful to replace

l0~
’ with

N 0 e~~~~/’D 0

(see “Snow Size Spectra and Radar Reflectivity ” by Sekhon &
Srivastava Journal of American Sciences , Vol 27 , No 2 Ma rch
1970 pp 2 9 9 — 3 0 7 )

,
~~~~~~~~~~~~~~~ •• --~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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.

then

lA N = —
~~~ -— j~ No I D3e ,‘D 0 dD

• D~~~~
t+ 

0

2A = 

D

N

O~ 
~ N0 I ° 3 -<D/D0 dD

3A = —
~~~~--- ~ N0 f D3e~~~~~

D0 dD
0

dividing 2A by 3A yields

4A 1 = 

~
D0
D3e

_kD/DO ~~

f D3e~~~
/’D0 dD

D 0

this can be integrated directly, yielding

6D 0 4 D 0 4 3D 0~ 6D 0~’ 6D 0~ —k
— (—-- _ - +  + + ) e

1 

k~ k k2 k 3 k~
• 

D 0

t

~ 3D
0~~~ 

6D 0~~~ 6D
0

4 

k± — +  —-) e
k k2 k 3 k~

th i s  can be simplified to 

—~~~~~ •--~~~~~ — —-
~~~~

—
~~1~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
~~~~~~~~~~~~~~~~~~~ ~

• •• 

~~~~—~~~~~
— •— -- - •-~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ • ---
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3ek~. (k3 -
~ 3k 2 + 6k + 6) = 0

and solved for k .  In this  case k 3 . 6 7 2 0 € 0 7 5

The more important result is that main taining equation 4A is in-

dependent of D 0. That is , provided D 0 is chosen f i n i t e  and greater
than zero, this relationship must he oa~ ntained . This suggests

• that our function be changed from

to 10
ay , where a is chosen such that the fol-

lowing equation holds

D0 
lO~~ dO

1 = —
~~
--- — assume D 0 = 1

f D~ lO~~ dO

Furthermore from equation I

N = M [
~~~

This equation is also independent of the choice of D0. This

remarkable fact can be seen from adding equations 2i\ and 3A,

yielding

6D- ’
~N -

D 0 ’

• -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .-—--—--—-.— ~~~~--— • ~~~~~~~~~~~~~~~~~~~~~~~~ -~~
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or N = M [!~.~~] N 0

• which is independent of D0.

• In order to make N approach N, however,

H

-

~~ 
f D~ -—— dD must equal 1.

If not identically 1, no value of N will be found , and if equal
to 1, any value of M will satisfy .

Since this integral will not equal 1 in a general case we
introduce ~~~, such that

~~=~~~/ J D 3 10 dD

again choosing D 0 = 1.

From equations 1 to 7 we have

-H- M~~18 N -~~
- -~~~~—- f D 3 10a dD

D 0~ 0

• 2B a is the solution of

f D~ l0~~ dD = fI )~ lO~~ dD
1) 1

—--•----------—-•-— •—----~~~~~



_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

135

3B 6

~ J D
3 l0~~

’ dD
0

• 4B Z j~-~---- f D 6 lO~~~ dD
0 0

5 N03J = (mk) v’ZOBJ

6B MQ3J = -

~~ ~~~~ 

IN 
lO~~

’ dD

73 Z OBJ = 
~~~~~~~~ IN 

D
6 10ay dD

combining equations 5, 6B , 7B

IN IN
~~~

-
~~

— f U 3  l0~~
’ dD = (mk ) \!~-1-~---- 

1 D 6 10ay dD
D 0~ ~ ~D 0~ 

0

squaring both sides:

I

_______________________________________________________________ • 
•
- • ~~ •~~~~~~~~~~~~—~••- -- ~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~ ~~~~~~~~~~~•••~~~~~~~~~~~~~~~-
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IN 
2 IM

( Aa ) 2 
~f D 3 lO~~

’ dD~~ = ( m k ) 2  
~~~

-
~
-— f D6 lO~~

’ dD
6D~~’ [ o  D 0~ 0

and solving for N

IM
(ink ) 2  _L D~ lO~~

’ dD
M = —  D 0~ ~-~ r I M  2

( ~~~~~ 

‘
\~ 

~~ 
D 3 lO~~

’ dD
\6D o kJ

or

IN
(mk)2 f 0~ 10ay dD

0

N = ____________________________

IN
—~ -— D 3 l0~~ dD 

} ~

combining this result  with equation 4B, we have to solve for Do
suc-n t ha t

ZR 
= 

~—~
--) ~ f~~

6 10ay dD
o

• where 
IM

• (mk)2 f D 6 lO~~
’ dD

N 
— 

0

IM 1 2
D
0 f~rr 2 J~j D 3 10

a y dD~~
36

1. 0 J

— —~~~~~~~~~~~~~~~—~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—
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The system yields

~ which are independent of ZR, and depend

only upon the given distribution Y(D/D0)

D0 the solution of the preceding equation

M an auxiliary value in the preceding equation

ZOBJ as defined by 7B

NOBJ as defined by 5

4 ,

• LI
-~~ ~~~~~~~~~~~ •--—~~~~~~~~~~~~~~~~~ •- • • • - • •

~ 
•
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1. by Newton ’s method, find a such that

1• J D~ l0~~
’ dD = ~~ 10ciy dD

0 1

by forming

I
F ( a )  = f D3 l0~~ dD — j  ~~ 1~~~

’ dD
0 1

• then letting a = a 0,  a starting value (generally 1)

form F ( a k ) ,  F ( l . Ol a k )

then F = 100[F(l.Olak) 
- F ( a k ) ]/ a k

and ak+l 
= a k 

- F ( a k )/F

the process is continued until ak÷l - ak -* 0

• - 2. Find ~

• 6

it f D3 10 ~~
‘ dD

~

• 

~~~~

• • ~~~~~~~
• •- •~~ _______________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~ • • • , • • •
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3. By Newton ’s method, find D0 such that

Z

R 

= y
~ 1 ~~ 10ay dD

where IN
36(mk)2 f D 6 10 ay dD

0
• = _______ 

_ _ _ _

IM
~~2i f D3 0ay do]?

0

• 
by forming

G(D 0) = y
~ 

f D6 lO~~ dD — Z R

then letting (D0)0 = A 2 M~
2/3 as a starting value

form G ( ( D o ) ~~) , G ( l . O l D Q~~~

then G = 100EG(1.Ol (D 0)k) 
- G ( ( D o ) k

) ] / ( D o ) k

and (00)k÷1 
= (D o)k 

-

the process is continued until (Do)k+l 
— (D o ) k 

-
~~ 0

4. Find N TN
36 D0~ (ink )2 f D6 l0~~

’ dD
0

IM[ f U 3 lO~~
’ aD]

0

• —~~~~~-•-~~~-~~~~~~~~~ 
—

~~-~~~~ - -i-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The operating instructions for these two programs are

found on the following pages.

To enter , alter , print data file (BOBIN)
CONNAND-ATTACH , DATA ,BOBINX4 340 , ID=BELSKY~-

h f  LFN ALREADY IN USE , or 1

[ 
PF ATTACHED go to next stepj

CONNAND_REQUEST,NFILE,*PF+
if get duplicate message: C O MM AN D—U N1 OAJ),NFILF ., FILE4-

CON ANL)—RI :Q1)FS’r, NP] J~ ;, *pp~

CONNAND-~-DATA

[if program doesn ’ ~ run:  COMNA ’-J)-UNI. OAD , DATA4
I go to top l ine

To execute calculating p’ogram (LOOP)

COMMAND-ATTACH,LGO,L00PX4340, ID=BEL~ KY,

[if LFN ALREADY IN USE, or

[ 
PF ATTACHED go to next step

CONNAND-LGO

[if CANNOT ATTACH DATA FILE: COMNAND-UNLOAD ,NPILE ,FILE
I

To end run, type Zr O• (ALWAYS TYPE DEC . PT.

IN RESPONSE TO ZR ,INSTR.NAX ,NK )

To get rid of output : COMMAND-DISPOSE ,TAPE6~~

After running LOOP: COMMAND-UNLOAD ,NFILE ,FILE+

To Rerun BOBIN: COMNAND_REQUEST ,NFILE ,*PF4
COMM 1~ND — DAT A +

To Rerun LOOP : COMMAND-LGO~
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Errors during typ ing

to erase a character type CTRL/I-I; one chdracter is erased

for each time the keys are depressed .

to erase on cntLre line , type CTRL/X; then type as i f
nothing had been previously typed .

• LOGIN:  LOGIN , LOREN , I Y B 4 4 9 , SUP ~
LOGIN ,MORT ,LlAa78 ,sup~
LOGIN ,FRED , LZ O46 1 , sUp~

t rouble  X 4 5 4 6  (opera tor )  X 4 0 0 5  ( D .  Cave l ie ro)
Ic~

IF , in BOBIN, the message

CANNOT CATALOG DATA FILE . ERROR NO. 015
all is not lost! simply type

COMNAND-CATALOG ,NFILE ,x4 340 ,ID=BELSKY ,CY=1+

COMMAND-PURGE ,FILE~
• 

C ON M AN D-U N L O AD ,FILE4-

~~~~~~~

- as ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •.. • ~~~~~•- •
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7. 2 Program RAIN

RAIN is the program for processing the raindrop spectro-

meter data . This data is recorded in analoc fc rm fro:—~ the

raindrop spectrometer directly. The analog tape is run on

the LYC PDP8I computer via the analog to di gital converter ,

• and the digitized results are written on the m~ grietic tape

and printed on the high speed printer.

The output from the PDP8IT is run by program RAIN on the-

CDC 6600 in order to produce the desired results. ‘The f o r u ~~t

for the records on the magnetic tape will be found in a~~~-n ix

38. These records are preceded by a “header ” record o~ 52

alphabetic characters, and they are followed }y an erid-of-~~~1 .

The 26 channels contain counts; of ra ir~i1~~p~ for 1 ~- - ‘ ~~3 , 
~
y

diameter class.

The diameter class depends upon th~- nu:~b&-r of b~ t s  (k )

used in the analog to digital conversion. This val ue a t

will have to be furnished to program R-~-1t , and is g iven ~-y
the A to D operator. The operator is ‘.‘orking with voltage

values on the analog tape. He will determine k in such a

way tnat the voltage values will be divided into tC~ •- 26

classes without obtaining values beyond this range. At th - •

same time , if k is too large , all va lues  will be in t he b~-

ginning of the 26 classes without sufficit±nt sepa ra t ion .

That is, too large a k y ie lds  too small a r e s o l u t i o n .

The program , i t se l f , will calibrate these results , calcu—

late liquid water content ( ) ,  reflec t ivity (Z)  and rain
• r a t e  (H )  - It wi l l  also plot



-
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IC vs. Z

R vs. Z

N vs. R

time vs. N

time vs. R

time vs. Z

Finally the last plot will show, for each P second period,
number density (N) vs. diameter , with a Marshall—Palmer line

fit through the spectrum .

To determine the diameters for each of the 26 channels:

d = 1(22.5) -~-~~m + 4 . 3  (microns)
m 2

n = channel  number

k = number of bits in A to D conversion

and we define d 0 =

The miipoint diameter value (Urn) for any one of the 26 classes
is given by

drn-i in -D = _______— (microns)m 2

It is in t e re s t ing  to note , as an aside , that the maxi-

mum diameter is a function of k, the number of bits i•n the

A to D conversion . The minimum diameter is always 2.0736

rilicroris (d0) ,  and the maxima for some selected k values are:

• • ~~~~~~~~~~ • • - • - • • • -~~~~•~~ •-~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • -~~~--~~~~~~~~~~
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bits(k) maximum diameter (microns)

5 7 . 0 7 1 3

6 5.2107

7 3 . 96 5 6

8 3 . 1 6 4 3

The fo rmu la s  used in the ca l cu l a t ion  a re :

Number d e n s i t y,  N

count
in

N = (counts/rn
V

where v is sampling volume

Liquid w ter content , or mass , N 
-

•

• = N o D ~ (om s/’rn3)m 6 in in -

where p = water dens i ty

Radar r e f l e c t i vi t y , Z m

Z = N
~ 

D~~ (mrn 6/m 3 )

• R a i n  r a te ,

H ( 3 6 0 0 )  ( l 4 . 2
,
/~~~ (mm/br )

in 1000 10

_  

jj
• - •a! -:_ •~~~ • JnSr ~~~~~~~~.-~~- - - — - - - -- -  — - •
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and these are summed over the 26 classes to produce r esu l t s
for  the 1 second in te rva l :

In
in

R = ~~~~~~~~~R

There  are two pecu l i a r i ti e s  of the magnet ic  tape t h a t

cause d i f f i c u l t y .  The f i r s t  is t h a t  channel 1 g ives spurious
r e s u l t s  and the da ta  for the  first c~ onne1 m u s t  be ignored .
Secondly,  the time on the tape , (hours , minutes and seconds)
is o f te n  ~u c c )r r c c t .  This  second f a u l t  r equ i re s  tha t  time

wi l l  have to be cont ro l led  x t c -r n n ~~1~’ .

Since the t ime can not ~ e r o L i e d  upon , the user wil l

supply the t ime of the f i r s t  da ta  record , and each subsequent
record w i l l  have a t ime of one E 000nC la te r , u n t i l  an end—of-

f i l e  is seen.  Thus , there  wi l l  have to be a beg i n n i n g - t i m e
given for  each f i l e .  These t i r e s  can be determined from the

h igh  speed p r i n t o u t  of the  PDP 8I  d u r i n g  the w r i t i n g  of the
riognetic tape.

______________________________________________________ 
~~•
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7.3 Program HELP

HELP is a program designed to run in a conversational

mode on the 6600 time shar ing system INTERCOM . The program

will produce a punched deck or disk file containing all the

input required to run the programs KNOLL1D or KNPLT1D . The

output  consists o f :  a job card , control  cards , and data cards .

It is pa r t i cu l a r l y  use fu l  when ma ny decks have to be ~enerated .

A disk f i l e  is produced that  allows the job to be submitted

through the BATCH remote entry system . Operat ion of this  pro-

grain is quite  simple; the sample run on the fol lowing pages
contain all the in format ion  necessary for  execution .
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COMMAND- ATTACH HELP,HELPBI~YX2876,1D GLASS

COM MAND- CONNECT) INPU T

COMMAND- CONNZCT,OUTPUT

COMMAND- HEL P

ENT ER DESIRED PR OG T~AM NAME ...KNOLLID

JOB NA ~ E( 5 C H A R ) ? G L A A 8

( B)I N A R~( O R  (S)OU}1CE? B

CYCLE I3 OR BLANK FOR LATEST..209

PROGR AII NA~1E.-.KNOLLID

INPUT TAPE NO. ? LYC136

PLOT TAPE NO.? LYC178

RAPP TAP E NO .?  L Y C 17 9

CHA NGING DCOEF? N

CHANO ING PCOE X? N

CHA’cCING SCOEF? N

(A )  O~ ( E) F L I G H T ? A

DO ‘(O!J ‘.JISH TO SEE THE VCOEF .? N

C~~A~-5G I N ’3 VCOEF ? N

STAr ~T TINE- ENTER AS HHNII’ISS..210900

STO ? TI~1E- ENTER AS HH~1~1SS..2213cY,

‘ FL I G~ir II) ENTER AS xYR- -h~..A76-1/4

F L I r b T  DATE— F:hT~i~ AS DO ~C~~~~\ Y R .  .25 ~~~~ 76

P~’!S flh~~I ~E AS H~~1SS. ~~~~ 57

Ty~-’ I - ’ :~ ~~~( (N)ch. tJ AL  I NCU T  O~~~ 
(T)~ :-~P. • 

-

(0)/C CLO~2~ Oh. 
(~~)CS JV F F h .  .4

O}~ ( F )  !N ~~J .  )1~~TO. .F

~ -;~ : ICI F ~CJ’\L. 1N SECO £ 2 f l  . .

hIIh__j 
—~~~~~~-—~-———— —-—-—-— ~~—~~~~--- -- - -• • - ~~~~ - :  - - - _ ~~~

=-
~~~~~ -——~~~

— 
~~~-
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TL •:P U~ ’ (V)C (J~ ~~~~~~~~~~~~~~ Uh (~~ ) ( ) I~J~~J N L F . . J

CO L C-  LAT ~~ ~~~~ . i ?  Y E S

~ -~I~- :—:: ) -~ ~~~~~~~~~~ ~~~I L ~~~;5 C I h)  •

p~~;C~: ~~~~~ ~~

( K ) ~~~ J Oh- ( 5 )  r o - \ L O N D ?  S

P•~T~ .— : J D I F I C A T I O C ? : : O

(T)ie~ OL (~~ ) D I ~~ 0I ~~ c : -~) E 1 T h n : - . • •

5TA ~~~T ?I- -
~~E— F :T F~~~ A S  H ?{N NSS .  ~~~fl 1~~~~ø~~~

STOP TINE- ENFE:-. AS H}-i~iNSS ..2I15~ 0

F O R  C L O U D  C O D E .  .07

FOR PP.ECIP CODE..07

(T)YPE OR (E)DIT OR (N)EITHE ~~..1

STAET TINE- ENl ER AS HHC -:ISS. .211(~C~.-~

STOP lINE- ENTEP AS HHN:iSS..211800

~~~ C L O U D  CO DE .  .07

~~~ ‘ : c~r-~ECIP ~~~~~~~~~

( )YPF OF~ (E)D IT Oh~ ~~~ EITNE~~..T

STCLT I INE— ENTEh AS UH:-: - :5S - .21 2~i~ 2~

5j 1~~) T I - ~E -— ~. I : r ~~T h  AS ~-h
-
~ N -N h~~~.. .

‘-129C~~~

FOI~ C~.CC.r) con: • .~~i

~OR ~-.C!P cOr-~~. .-~7

CT :E ~~~ (E)1IT O~. ( ) E I T ~~ .I -~..~
~ fA er  T I  - r —  E L [F . ;. A~ ~~~~~~~~ .2 1 5~

~ u-~~~~
— E .  EF~ ~S ~~~ ‘S 5  . - ‘ 2~~2 C J

~~h- -C !•~~~:i
’
~
’
~:) C O D E T . .~~~—

— ~ ~~ C !  ~ C O D E .  .

C ) •- OE ~ ) - T - N )  t.~~ IVh. . :~

:~~~~~ 

- 

-  

- - --
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CO U ~O\Nfl- ATTACH HELPS HELPBINX2876, ID=GLASS

CON.NnND_ CONNECTJ INPUT

CO~~~AN ~D- C O N N E CT , OUT ~’UT

C O r ~N2- HELP

~~~r~:- ;-? :~~~~~ i~ ~~~~~~~~~~ ~~~~~~ -

• - ( 
~ 

-- - - ) . .

C’c’CL~~(!3), 0; ~L -hn L.~~ L J j E 5 f . .

i N ~ TI ~~~ 
;. . . . L ( C l  ~

(~~) : : : n N ~ o~ (S)9N~ CE. -

( L ) E A h C E T  OR ( C ) 1 . :~’ . . .C

( P ) E N ’Tz-: ( C ) R T . . C

Cn ) / C  DR P)N S CLOCr (~~~~~~.A

(A)LL DAT- OR JU~-T (SYJNIOHY • .

FL I~~~ T i r  E NTEF I  A S X i ’e — h C .  . i07 ’-- - j a  H

~LIGRf -HI E AS ~~~ . N C N  ~R . . 2 5  APR 7~

cR ) L~LAE SET ON (D)~TFINE WHI CH ONEs TO P L O T .  - n

T~~i~ !.O O~ NILL ~ 3-< 0I~ F~ ~ PAsS F- ~ -ATJON ~~~~~~~~ L0~~T PASS IS GIV~
— 1 - .—~ ~ nss N- i  -

HEINHT PR-N- ! LES -
~ ILL ~L N~~NE:-~nTED ~~~ i HE ~-O--~- OLiUS I O N N O i  I o:~

~ASS Q . C ~~) . - .21 
~-~~SS T T - ~- -S HE~ NSS. .ei i t O

sio~ ?‘~sS I~~:~ ~ s -~ ::~~i .  . ° i~~. c

EEl nH~ (~~I LO) TI V.ES TEN CT . D~~T f l )  I N C !  ~~) . .
~ n S0 • i T ) . ( I~~) . . .

$T~~b T  e ’4 S 3  T I N E  A~ - S S . . 2 1 2 :~~~

su~ N~ sS ~ I N R  A S i~~NSS. .2l0 jCO

‘~- I i )  c1 : -~~.5 i :— :l ~‘ . 0 -— T o)  C !  i ) • •~~ P —

:~~‘ -, .‘!2)...2 .

4 - -
~~~ ‘ -: :~~~. . i - -~~-~

• . -
~ 

j - — , :~ : ~~~~~~~~~~~~ ~ :) ..: )

- 

- 

- - - -~~ C — D i )  i N  ( [ — . L)~~

— 

1 ~ ) 

— — — — ——
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7.4 Program PLOT

Program PLOT was written ~~r h~ ems arisinci at LYC ,

where the data was not recorded or niqneti c tune. Also ,

LYC had requirements for a 1o~ in~ proqrin wh ~-ch worc

4 d i s s i m i l a r  to t hu  requirements for t h e  on hcetr~ T’:nputer .

Program PLOT will
( a )  plot  an x-y  t ab l e  on the Tektronix plotter; the

- -table  is in ~~u t ted  at  the  D e c w rit e r . I t  des i red ,
the x and/or y values can ~~ m o d i f i e d  by logging

them in order to produce a l i n e a r - l i n e a r, a l i n e a r —

log , a log- l inear  or a log-log plo t .
(b)  g e n e r a te  the x va lues  nu t o m a t i c al l y after d speci-

f i c a t i o n  of the f i r s t  x and x-s tep  is given
(c)  a l low the user to select the  low and h igh  va lues

of x and y to  be used on the p lot
(d )  p lot each po in t  w i t h  + ; tne user  can choose whe ther

or not to connect the  p lo t ted  points  w i t h  a l ine
(o )  label the plot w i t h  an a lDhabe t i c  d e s cr i nt i o n
( f )  p lot a least sc~u~ re best f i t  curve to the data

( fi r s t  or second d e g r ee ) ,  and p r i n t  out the

fitting func tion

( g )  g en er a t e  a table of devi]tions of the least square
f it to th e or igi nal data , and calculate the RNS

error

(h) a llow the us~~r to modify the deta , 1i m i~~s and

descript ions arid r- n lot , w i t h  a no -: 1l ± st  square
f i t , w i t h o i t  hav inq  ~o r c t v p e  the crti~-e x—v

t~d _ ] o •

£ 
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In order to execute program PLOT, and perform the many
optional capabilities, the following step- by-step procedure

should be executed:

1. Mount Dectape 136 on u n i t  0 , write enaLeled and r emote
2. Switches set to 7’- 70
3. Press Addr—load , Ext.-addr-load , Clear , Cont

~ . Computer responds wi th a dot
5. Tyne  R PLOT

6. ~~ nhin 22 second s the com~ uL- r .~esporins with

PLOTTING PRO G RAM
7. IS X ON LOG SCALE?

If the x-data is to be logged lase 10 , answer I o therwise  N
8. IS Y ON LOG SCALE?

1 f the ‘- -data  is to be logged base 10, answ er Y otherwise N
9. IS DELTA X C ON S TAN T ?

If the x—dd ta (before taking logs) is equall y spaced ,
answer Y, ot herwise N

10. If delta x is constmn t , ~~~
- computer  w i l l  r e qu e st  X—STA R T

and DELTA-X , as X-START?

Type tIe- starting value and return ,

DELTA-X?
Typ e th e difference between successive x-values and return

11. The computer responds \-:ith

EN T E R  >: , y TABLE

or EN TER Y TABLE ( f o r  c o n st a n t  d e l t a —x )

L ____
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12. For ouch value m oot the computer  w i l l  f i r s t  p r i n t  t ie ’
index number (l , 2 , 3 , . . . e t c)  If o nly  o — v a l u e s  ore  h e uo j
i n p u tt e d , the user  wi l l  ~ype  the y-v elue f o U o’-.-ed by a

r e t u r n ;  if both ~: and y va l ues are being  i n eu t r e d , the
user wi l l  type the  x — v a lu e , fo l l ow ed  by a c’om:m , fo 1 low~:d
by the y - v alu e  and a r e t u r n .

13. When all values  have been in p u t ted , type
lE35 r e tu rn

14. The computer  w i l l  respond w i th

LIN I T S  OF N ARE xxxxx , :-: \:xxx

v~Lich i nd ica te  the low and hi gh va lues  of t h e  x - t ab~~e .
Then i t  p r i n t s

TYPE LIMITS TO USE

The curnouter expects t o  1’ Oer s, s -ooiated l y a c:onuila ,

the first number is the ‘ailue of x at the left end of
the  plot; the second is the  r-alue of x at the rioht end
of the plot .  There will automaticall ’ be 10 d iv i s ions
in th i s  range .  If  the f irst l im i t  typed i s  unaccep tab le
(larger  than  the l im i t  found ) or if the second l lr ~i i t

ty 1  ed ( sma l l e r  then  th e  l i mit  f o u n d )  is unaccep tab le,
step 14 is r ep eat ed .

15. Step 14 is done for  Y

16. TAl e computer  w i l l  p r i n t

CONNECTING LINL?

If a li ne is desired between points in the order tNey

were typ e- h in , answer  Y.  An answer of N will eliminate

t u e  connec ting  l i ne .

17. The computer will re:;pe--:~
TUEL ( IN PLO Nh , TYPE DESCRIPTION

Type •n description to he printed or’ the hottcr~ of t i l e

— ..--‘--.--.-——--—~ ,_r-- ~~~~~~~~~~ — ~~~~~~~~~~~~~ _~~._,.:._ _~•__.  ~~~~~~~~~~~~~~ —-~~~--— ~~~~~~~~~~~~~~~~ - niil ~~~
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p l o t .  This  desc r ip t ion  is l i m i t e d  to 67 cha r ac t e r s .  A
rubou t  wi l l  respond w i t h  a c ar r i a g e  r e t u r n , and the user

should type  the e nt ir e  descr ip t ion  over a g a i n .
lake sure  p lot ter  is on , and “ o n— l i n e ” b e fo re  press ing

re turn  -

18. The plot wi l l  be made .  At ~ ts conclus ion , the computer
wi l l  ask

LEAS T SQU ARE FIT?

If a curve f i tt in~ the data is desired answer  Y ;  o ther -

wise answer N and proceed to step 22.

19. The computer responds

DEGRE E ( 1  OR 2 ) ?

Degree 1 is a straight li n e F i t ;  degree 2 is a q u a d r a t i c

f i t .  Respond e i the r  I or 2. Any other  response wi l l
force  step 19 aga in .

20.  The f i t t i n g  curve will be p lo t t ed . The least squa re  poly-
nomia l  u ’i I l  do p r in ted

( a )  at the top of the plot , and
( h )  on the  Decwri ter

21. The computer  then asks

DEVIATIONS?

If the t ab le  of x , y ,  c a lc u la t e d— v , dev i a t i on-v  and RMS

is des i red , answer Y;  o th e rw i s e  answer  N
22. The computer w i l l  ask

• 
REPLOT?

If the cintu is to I modified , eliminated , or -xtended ,
• or if another  p lo t  is be made ch ee;ing e it h er  x or y

l i m i t s , or t h e  desc r ip t ion, or the  f i t t i n g  f u n c t i o n ,

r~~:;penh w i t h  Y ; o th er w i s e  respond TI and proceed a t  step 6

t I

- — -~~~~~~~• ~~— ~
-- - - —•—- • 
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. 1 3 .  The computer w i l l  ask

If there  are no changes  go to stop 2 3 ( c ) .
(a )  Th- .~ computer  expects the index number of the data

poin t  be ing  changed . It w i l l  accept an index nun -

-

‘ her one •~r ca t e r  than the l e n g th  of the  t a bie  ( o m i t

the number corresponding to 1E35) w i t h  the assump-
• tion tha t  the tab le  is being extended . The table

may be extended repea ted ly  by e n t e r i n g  an index

number equal to one more than the previous  rn axi—

mum number. If the number typed is inva l id , step
23 is repeated . A F t e r  the n uin~ner is accepted , the

computer wi l l  type  X , Y =

Respond w i t h  the va lue  of x , a comma , th e  value  of
y and r e t u r n . Step 23 w i l l  be r e p e n t e d . The da t a

• being typed w i l l  be logged according  to responses

made in steps 7 ,8

CAL TION : DO NOT EN TER 1E 35 FOR THE LAST NUNRER .

The program knows how many points  there are in t he

table .

(b) If a value of x ,y  is to be e l imina ted, a f t e r  i t s

index number has been accepted , and ~~~ = has printed ,

type
lE35 , 1E35 r e t u r n

(c)  When all changes have been made , answer NUTI3ER? with
0 r e tu rn

The procedure r e s t a r t s  at step 14 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ER RORS

1. Alp habet ic  e r ro r s :  if  an er r em iS  di s covere d  ~~ t o r e  re —

tu rn  is pressed , and the information was alp habetic , as

in steps 7 ,8,9,16 ,17 ,18 ,10 , 21 ,22, t’,’ e t o e  ruboid Pc’’ ;

the computer  wi ld  r e spon d  ~viL~ d c~ rridq€ return ; r -e t \ ’pc ’

the entire response , beg inni ng with the first eTiaructer.

2. Numeric  e r rors :  If an e rruj  i s  d ine ’ o ve i  oil befor e comma
or return is pressed , and the m nfcr m~ tion was a number ,

as in steps 10 , 12 , 14 and 23 , t y p e  the rubout  key ;  the

computer w i l l  not respond ( a u t om a t i c  f e a t u r e  of t h e  27

bi t  f l o a t i n g  point  p a c k a ge) ;  then  type the e n t i r e  nu m ber

over aga in , beg i n n in g  wl t: the 1:1 r s ~ c1i~~x ac t o r  . C A U T I O N :

If two numbers were being i n p u t t ed , ronç-orat ed by a comma ,

the rubou t  wi l l  erase the CU R R E N T  LY ’- :Br :P  ON LY .

3. I nco r r ec t  responses to Y or N :  The compute r  w i l l  speci—

f i cn l ly  look for  the Y.  Ant’ c h a r a c ter  o ther  t h an  Y w i l l

be t rea ted  as N except  a c a r r i a g e  r e t u r n , which  should

be used only a f t e r  a c har a c t e r  has  been typed .

PLSTAPT ADDRE SS:  0200

-- — ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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8. Operat ing I n s t ru c t i o n s

The deck setups for  the var ious  programs fo l low in
sections 8.1 through 8 . 7 :

8.1 KNOLL 1D

- 
- 8.2 KNPLT1D

8 . 3  KN 1UT IL

8 . 4  HIAC 1D

8.5 SPANDAR

8.6 RAPP

8.7 RAiN
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8.1 KNOLL 1D PROCLAG EN OLL 1D

DECK SE TUP (OBJECT i-’ i  I i )

Co: i’:~ :. C~~~ ;S

JOB: ,CN11Q00O ,Td0O ,T~ T,• * Prob. No.

A’~t’~’c~~, LGo ,EhoRAlcEI-.:-:287 6, ID:cI;,SN ,T11 = l .

ATTACH , A.1 0, Al 0FOR~AT.

REQUEST TAPE 1, N , I I I  ,vsN-PI-:s : ::-:x.

hG TAPE 2 , RING , VS TA PdPf - .

RF Q CL ST TAPE7 , R I N G , VS N=TAI ’NNO .

FILE ( TAPE 1, RT=U , 132- E , T 1n1024 , N E L = 1 0 2 4 , RB= l , BFS= 1 0 5)

LDSET , FILES=TAPE 1 , PRESE T=ZERO .

NA P , OFF

LOAD ,A10.

LGO .

h F - i , I [ h N , TAPE3 , TA PE S .  —

C h L Y , TAPF3.

COPY , TAP E 8 .

UNIT .

IJ,I;T u,TAPE3 ,TAPE8.

COPY , TAPE 3.

CONY , ‘~ APE S

7/~ /9

ii AT i ,  C ~A l- ( - S

7/8/9

6/7/8/v

- u~ - • r of I~I~~~ flh TAIG na ‘is ( 1  • . 1 , , or 3)
U lotta~ r- op t ion rnasl ~~~~~ E I N ) i , N- ’ ’  T A P U 2  c or d

for Nipptapr o f  ion v-jot -
~~v - :-:1:ç)’~m: N T :A~ ! 7 c•u r2i

I 

. 
— ~~~~~~~~ ~~~~~~~~~~~~
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DATA CARD SEQ U ENCE SUM’4ARY

A. REQUIRED DATA CARDS

card ~~‘ s

1—4 coefficient/exponent card s

5 start/stop processing t ime

6 tape card

7 f l i ght i n f o r m a t i o n  card

8 option card

B. OPT IONAL DATA CARDS

( 9 — 1 8 )  JVCO card s (OPT1OLA ] . - -onl y if card ~
max cc 34-35 is grea ter  than

zero)

(19-38) RADIOSONDE (OPTIONAL--only if card 8
max cards  cc 30 is two )

( 3 9 -4 3 )  EDIT cards (OPTIONAL )
max

(44-58) TYPE cards (OPTIONAL)
man

TYPE and EDIT cards may be in termixed

—t.- 
~~~~~—~~~ — —~•- —• —.

~~~~~~~
- 
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COEFFICIENT /EXPO N ENT CARDS

The four cards  $DCOEF , $PCOEX , $SCOEF and $VCOEF are
used to change: the adjusted class coefficients (with their

b r e a k p o i n t s ) ;  equivalent  melted d iamete r  c o e f f i c i e n t s  and

exponents  ( w i t h  t h e i r  b r e a k p o i n t s ) ;  sounding coefficients;
and VCO c o e f f i c i e n t s .

-• The b reakpo in t s  a l l ow  the  c o e f f i c i e n t s  or exponents

for  a g iven  p a r t i c l e  typ e  to he changed as the  channe l  num-

ber or crystal size gets larger . I3RKPTN controls the coef-

-
‘ 

ficients of the adjusted class equation; the units are in

N (channel number) . BRKPTC controls the coefficients and

exponents  of the equivalent melted diameter equation; the
units are in mm (crystal size)

The particle typa code is shown as follows:

J Type

1 RAIT -:

3 WET SNON

5 LARGE SNOL

7 SMALL s::ow
9 BULLET-ROSETTES

11 COLU:IN5

13 N E E D L E S

15 Rt IC EXPERI T1EN T ~1

17 !C-~C fG-:PF:N’i: T NT ~2

19 UN U S E D  AT THIS  T I N E

____________ _________ ______________ — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ •—~~~~~~~~~ 
- -

~~~~~ -- _ -~~~~~~~~~-x -~ -~~
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1. $DCOEF card

This  card al lows the  c o e ff i c i e n t s  of th e  a d j u o n e d  c lass  -

equa t ion

= mE + b - - :here N = measured  c lass

to Lu c h a n g e d . i oe  b reak po in t s  f o r  th i s  e q u a t i on  are also
c h an g t . -i u s ing  t h i s  ca rd .

-h Control  var i a m J e s :  NP ( I , J), PREPTE (3)

S I  where: I = l o r 2 a n d J= l t o 9

- 4 I = 1 fo r  t he  slope ( m )

i = 2 for  the  i n t e r c ep t  (h )

J = p a rt i c le  type code (N b r e a k p o i n t )
J+1 = p ar t i c l e  tnne code (N > b r e a k p o i n t )

For enample , to set the slope Foi  type rain - c u ~~} to 1.0
f o r  classes 1 th roug h 3 and equal  to 1 .5  f o r  c lasses  4
tn r ou q i i  15 use:

@ $DCOEF N B ( l , l ) = i . 0 , N B ( 1 , 2 ) = l . 5 , B R K p T : : ( l ) = 3 , Bp~K p T ( : )= 3 $ Fv- ;D

NOTE: This break p o i n t  is probe i n d e pe nd e nt  i . e .  t h e  br e a k -
po in t  occurs  twice , once fer the  c loud probe and
once for  the precip  probe .

-~~

I 

L

— •— _- _~___ _~-__ -_ -_ - -



_____________ - - ‘~~~ ‘ 

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

— 
~~~~~~~~~~~~~~

-

~

‘

~~~

——--

~~~~ - 
-

- 5-  

-
: ~~~~~~~~~~~~~~ ~~

— -  -

161

2.  $PCOD~ card

Tais card allows the coeff ic ients and exponents  of the

e q u i v a l e n t  mel ted  d i ame ter  egu at ion

U = c o ( d ~~’~ ) ;- .‘ iiere d = c r y s t a l  s ize in mm

-
• 

tco be charged  ~~~~~~~~ L- ’n- -ot ~po in t s  f o r  t h i s  ec n i at i o n  are also
changed u n i n g  t h i s  card .

Control  va r i ab les :  C O E X ( I , J ) , BR K PTC ( J )

wh - r c ’ T l o r 2 a n d j = l t o 9

— 
I = 1 for the c o e f f i c i ent (co )

I 2 for the exponent (ex)

J = p a r t i c l e  type code Cd < breakpoint )
J+ 1 = particle type code (d reak porot )

Icr ex•:rnp le , to set t h e  exponent  f o r  typ e  Small  Snow
equal  to 1.5 for  c rys t a l  s i z e s  less t h a n  or equal  to .4 mm

and equal  to 2 . 0  for  c r y s t a l s  s izes  g rea t e r  than  .4 mm

use :

@ $PCOLR C O R A ( 2 , 7 ) = l . 5 , COE :- : (2 , 8 ) — 2 . O , L P N P T C ( 7 ) = B R K P T C ( 8 ) = 0 . 4  $END

NP ~[ :  Th is br~~a -0 -a in t  is probe depend’~nt  i .e . the  break—

£~oi nt  occurs on l y once r e gar dl e s s  of the probe

I. -~~ne used .

S 
-- -
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3. $SCOEF card

This  card a l lows the  c o e f f i ci en t s  of the p r e s s u r e — h e i g h t
sounding equa t ion  to be changed . H

Cont ro l  va r i ab le :  S ( I )

w h e r e l = l t o 5

- ‘ I

1 f i r s t  order c oe f f ic i e n t
2 second order  c o e f f i c i e n t
3 t h i r d  order c o e f f i c i e n t
4 f o u r t h  order c o e f f i c i en t

- 1 5 f i f t h  order c o e f f i c i e n t

For L - x~~~Ple , to change the second order coefficient ,

the control v a r i a b l e  is S ( 2 )  = rv- ,~
- v a l u e .

4. $VCOEF card
This card allows the VOL calibration coefficients to he

input . The d e f a u l t  c o e f f i c i e n t s  are 0 , 1 and 0. Thus
each run mus t  have the  desi red c :— e f f i c i en t s  i np u t .

Control variable: C(I,J)

where I 1 to 3 and J 1,13 for A Nodel
J = l ,7 for E~~-:odel

3 A NL D E MOD

i n t e r c ept  1 preusure delta—p
2 slope 2 d e L t a — p  tomoerotur--
3 th i r d  order c o e f .  3 in~ i~1ing pressure (nsb)

4 tonrerature pressure (lsb)
5 event and cloud dewpoint (1011)
6 LWC—JW L~’1C—3W
7 rain spectrometer heading
8 Tacan bearing
9 Tacan d i s~~~nce

10 accele r at i o n
11 do~.-Jpoint  ( 1011)
12 icinq  rat - c m e t e r
13 p i t ch

[‘or ox mn p tr- , to input LIe’ third or . I c r  coof  i c jent of J~-~
’,

- I d  Ccfl trr) i variable is C(~~,
() value .

-~~~~~ —-- ~~~~
-
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- ~~~~ - ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ --~~~~~ —~~~ - 

—

~~~~~~~~~~.



~ 

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

163

— 5. Start & stop processing card

These variables control t h e  data to ba processed ; any

-
- 

- 
time prior to the start time or after the stop t ime ~s iq-

oared .

cc 1—6 STAPT ’
4 cc 7—16 fHH:N’-~: bS~~~

I

cc 17-20 b l a n k

cc 21-25 STO?=

cc 2 6 — 3 5  @ H H : N N : S S @

6. Tape card

This card contains t h e  rnpu t and output t ape nurto)c-rs.

If desired it may be loft blank.

cc 1— 6  INPUT TAPE ::LN}--NR

cc 7—1 0 Liank

cc 11—1 6 PL OT TAPE N U N B E R

cc 1 7— 2 0  b l a nk

cc 2 1 — 2 6  EAPP TAPE L U N B E E .

- 
— - 
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- 7.  Flight in fo rma t i on car d

cc 1—1 0 F l i gh t  Id E J I  - : - :YR -~~::~
-
~ where: N must be aircraft model

- - i.e. A or H

- 
YR is the la s t  2 d i g i t s  of L~ie

year

- NN is the f l i g h t  number

cc 11— 20 Flight Date @D D ~’N O N @ Y R

where: DD is t i e day of the month

:-:o h is t h e  f i r s t  t h r e e  l e t t e r s

of the month

YR is the last 2 digito of the

year

S cc 21—24

cc 25— 30 JO--IS on Time IJ lN- L MS S

where :  IHNYS.S is the  t i m e  co r re spond ing

to iC-h’- c-~- u n t  of 0000

—
S.
’-- ~~~~~~~~~~ ~~~~~~~ ~~~~~
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8 .  O u t o o n  card

This card spec i f i e s  the  opt ions to be used . It also

caus es certain optional cards to he requ ir ed.

cc 5 ICP .YS = 1 TYPING BY TEr IPE RA TLN h
= 2 UNUSED

p-I = :-i TYPIPO ~~ 
-
~ :. .1 :d ).Ni’Vl ’

cc 10 ICLK = 1 T I N E  FROM AIRCRAFT CLOCK
= 2 T I N E  FROM PN S PL T I ’FIO— :

cc 15 IDAT = 0 PRE L IMIN ARY DATA
> 0 FINAL DATA

cc 20 IPLT = 0 PLOT TAPE NOT PRODUCED
1 PLOT TAPE PRODUCED

cc 22-25 IN TA = 0 FULL DATA
> 0 ~VERAG INC JS I-ITF EV A L 1 N I - ~co’:bN

cc 30 ITMP 0 itN J LR~ TURE DE I T O P I T N A T I O N  u~ vco
= I D E T E N N I N A T J E N  P-V S T A N D A R D  A T M O SP H E R E
= 2 i L ’ I P E R A TU P l -. D E M O -  N T N - T f ’ J (0—I BY

RAD iO S ( M.DJ -  P P C F 1L E

cc 35 JVCO = 0 CALCULATE VCO P AR ~~ J E T E R S
> 0 NU MBER OF JVCO CARDS

cc 4 0  ESEP = 0 PROC E SS FIRST F I L E
> 0 NUMBER OF FILES TO S K I P  BEFORE

PROC E SSING

cc 45 IDEK = 0 DEC K NOT P U N C H E D
= 1 DE CK P U N C H E D

cc 50 lEAD 0 RJ-~PP TAPE NOT PRODUCED —

= 1 RAPP T A P E  P RO D U C E D

cc 55 NNAJ = 0 STANDAPD PROBE ~i:NPIGURATION
= 1 I-: t /A JALLIN PROBE CO TIGURATION

— - ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~-~~~- .~~~~~~~~~~~~~~~~~~~ _ . •- - - -—- ~~~~~~~ ----
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Option card (cont ’d )

NOTI~S

1. ICRYS

- ~ For ICRYS=3 at least 1 TYPE card is required

2.  ICLK

For ICLK= 1 PMS on time may be set to zero

3. IDAT
I

For IDAT> 0 IDAT i s  p r i n t e d  as F I N A L  ~ on page 2 of

output

4. ITOf-’

For ITMP=l Standard atmosphere equation is:

T = 7 6 . 8 8 2 8 8 ( P ) °~~~~~
9 0 2 8 4

For ~TMP=2 Profile uses a maximum of 23 levels

s. JVCQ

F’or JVCO> 0 a l lows VCO pa ramete r s  to h:  m a n u a l l y  I n p u t

-: f o~ r-pe cifi -J time . This option overrides the I’F’N~

selection

~ IIIllJ -~~~ —
- - —----- - --- ~~~~~~~~~~ —---~~~~~- — - ~~~~~~~- - ~~~~~~~~~~~~~~~~~~~~~~~
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9— 18 (I an )  JVCO cards (optional)

J v  CL cards arc recuired only if cc 34-35 on the option
ua rd L~~ grea t e r  than  zero . These cards override the VCO

calculaeions; t h e y  supply  t h e  basic meteorological parameters

necessar-~ for processing . The inpu t  values are constant  for
the d u ra t i o n  e~ t he  t ime specif ied . The card forma t follows

DES CR IPTIO N

1—10 AlO @ H H : i 1 M : S S @  in terval s t a r t  t ime

11—20 ‘- AlO @ H H : M M : S S @  interval stop time 
S

21-30 F10 .0  PRESSURE (mb ) ‘1 free field
31:40 F1O.O AIRSPEED ( k n o t s )  w i th

41-50 F1O.0 TEMPERATURE (°C) decimal
51—eu F10.0 hEIGHT (feet) ~ point

£

-

~~~~~~~~~~~~~~~~~~~
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-

19-38 (max)  RADIOSONDE cards ( o p t i o n a l)

These cards are requir ed on ly i f  the op t i on  card cc 30

is 2.  They overr ide the VCO t e m p e r a t u r e  c a l c u l a t i o n  by

allowing the temperature to be determined by linear inter—

polation using the RADIOSONDE temperature-pressure profile.

The first card contains the number of cards to follow (20

maximum) . The remaining cards contain the RADIOSONDE pro-

file. These cards must be in descending pressure sequence.

I
card 1

cc 1-2 number of levels

carcis 2 . . . n

cc 1-10 PRESSURE (mb )

cc 11-20 TEMPERATURE (°C) 

~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~ J
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39-43 (max) EDIT cards (optional)

These cards allow selected particle channel counts to

be edited . The cur ren t  ed i t ing  cons t r a in t s  are as fo l lows:

-

‘ To edit channel  1 or 15 - there  must  he two valid

channels on one side

To edit channels 2-14 - there must be one valid

S channel on both sides

To edit channels 1 and 2- there must be a valid

channel 3

cc FORMAT DESCRIPTION

1—4 A4 EDIT

5—14  A l O  START TIME t @ H R :N N : S C @ )

15— 24 A l O STOP TIME ~~@ H R :N N : S C @ )

25—26 12 PROBE N O .  1 1 1 = scatter

27-23 12 PROBE NO. ~~~~ 2 = cloud 
S

29 -30  12 PROBE NO. J ~. 3 precip

31-33 13 CHANNEL NO.

34-36 13 CHANNEL NO.

37—39 13 C H A N N E L  NO.

40-42 13 CHANNEL NO.

4 3 — 4 5  13 CJ [ANJ - ;E L NO.

4 6 — 4 8  13 CHANNEL NO.

49—51 13 CHANNEL NO.

52—54 13 CHANNEL NO. 
S

1111111t1111t - 1 Hr ! L !  Ii £ T U J 4 j 1 i ~~~~~~~~~~~~~~~~~ ~~W~ift ~t ~ t _ , i flfl _ __
~ ._ _
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44-58 (max) TYPE cards (optional)

The type cards are required only if the option card
cc 5 is 3. These cards specify the particle type to be

used foI~ the selected interval. The cloud probe type

and precip probe type may be different. The scatter probe

is always type rain.

-
S TYPE CARDS

cc FORMAT DE SCRIP TION

1-4 A4 TYPE 
S

5—14 AlO START TIME ( @ H R : M N : SC @ )  S

15—24 AlO STOP TINE (@HR:NN:SC@)

25-26 12 TYPE KEY (Cloud Probe)
27-28 12 TYPE KEY (Precip Probe)

TYPE K EY

1 PAIN

3 WET SNOW

5 LARGE SNOW

7 SMALL SNOW

9 BULLET-ROSETTE S

11 COLUMNS ( 4 : 1)

13 NEEDLES (7.5:1)

15 RMC l-FY~ ERIMENTA L

17 RNC 2—EXPERIMENTAL

19 UNUSED AT THIS TIME

NOTE:  The TYPE/EDIT cards  are  i n ter c h a n q e a b l e  and can be in
.- n y  o r d e r .  There is a m a x i m u m  of 15 TYPE cards and 5
N D I T  cards , any more w ill be ignored .

_____________________________________ _ _ _ _  — ~~-,.~~~~~ --- - :r 5~~ —__ ~ ; •-~~~~~~ ——--—- s—_ . _ _  - - - _ 
-
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KNOLL1D v2.01

1. For upper altitude pressures (P < 4 4 0 m b )

the fo l lowing  p r e s n ur e  c or r ect i o n  is 1f~die cl ..

~COR 
l.25 *Pi

_llO

where

~COR = corrected Pressure

P .  = calculated Pressure

2. For a/c time between 12:07:08 & 12:48:53 use

= 3 7 . 0 6 m b  FIXE D

NOTE — t h i s  version is fo r fl~ cht P75—19 only (15 APB 75)

OPERA TING CHA NGES

1. control ca rds:

use cycle = 201

2. data cards:

none

-- —~~~ ‘-S~~~~~~~~~~ - S _________SZ

~~~~ 

S.t - - - 
~~~~~~~~ ~~~- - --~~~ -— - -— -~~~~~~~
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KNOLL1D v2.02

1. Hei ght  calculated from interpolation of time-heig ht profile

2. Pressure calculated from ...
P = P

0
(1- (~~~~~ ) H T ) ~~~~~~~~~~

where

P0 = Pressure @ ground
= Temperature @ ground

a = Lapse rate @ ground

R = Gas constant
HT = Hei ght

~ I

OPERATING CHANGES

1. control cards:

use cycle = 202

2. data cards:

insert immediately after option card

1st card : cc desc-~ ~~t ion

1-2 (rj) ~ of levels to follow

ll—20(ff) P0
21—30(ff) T0
31—4 0 (ff) a

41—5 0(ff) R

r j  right j u s t i f i e d

ff free field with decimal poi nt

S 
remaining cards :

(50 max)  cc descrip t i on

1—10 time@HH:MM :SS@

ll—20(ff) height (meters)

NOTE :

1. s t a r t  t ime  nu~~t be g r e a t e r  t h a n  or equal  to the  t i m e
of level 1

2. sLop time must be less th~~n or equal to the time of
the  last  level

—- ~~_ ~~~~~ -- - ~-—
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~--~~~~~~ — - 5 -— --
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KNOLL1D v2 .03

1. For Precip Probe , type 2 only, the break poin t occurs  at

N > 5 instead of N > 3. Other changes for this probe are

done w i th data cards.

2. The Cloud Probe changes are also done with dat:i cards.

N OTE - This version was created from 2.01. It should be

used with flight A75-19 on l y  (15 APR 7 5 )

OPERATING CHANCES

1. control cards~

use cycle 203

2.  da ta  cards

@$DCOEF

2 )  =0 .  475 , NB ( 2 , 2 )  =3 .  53 ,

@MB(1,3)=1.170 ,YB (2,3)=0.0 ,

@NB(l , 6)=l.170 ,GB(2, 6)=0.0 ,

@BRKPT (2) =1. 7 5 5 , BRKPT(3)=l.755,

@ $ E N D

S 
@ $PCOEX

@COE X ( l , 2 ) = 0 . 3 7 0 , C O E X ( 2 , 2 ) = 0 . 6 7 0 ,

@ COEX( l ,3)=0.370,COEX ( 2 ,3)=0.670 ,

—* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ S -~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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KNOLL 1D v 2 . 0 4

1. This vers ion incorpora tes  the la test  changes  requested h

Dr. R .  f l .  Cunn ingham through 24 NOV 75 .

2. The particle type list has been expanded . Refer to the

operating instructions (page 8) for a complete list of

particle types.

3. The breakpoint option has been modified to include two

types of brc akpoints: crystal size and channel nur:~her.

Pages 5 and 5.1 of the operatina instructions reflect

these changes.

N OTE — This version was created front 2.03. It should be

used with fl ight A75— l9 only.

OPE:~~ TING CHANGES

1. control cards:

un e cycle = 2 0 4

2 .  d at a  ca rds :

$DCOEF see ope ra t ing  i n s t r u c t i o n s  for  card 1
S 

TYPE CARD see n ew p a r t i c l e  type key

~~~ I.-5_ ~~~~~~~~~ - -- 
~~~~~~~~ 5 - ~~~~~~_55 _~~

__
~.I• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — — -  — -- -- -
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KNOLL1D v 2 .0 5

1. This version is the standard for all fligh ts before Decem-

ber 1975 , exrept 15 APR 75. It incorporates all ~he

changes of v2.04.

O PL 1 t d 2 I N G_ CHAN GES

1. control curds:

une cycle 205

2.  da ta  cards :

none

5 5 5  —
- 

~~~~~~~~~~~_~ S 55 ~~
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IINOLL1D v2 .06

1. This version is the standard for all fUc:hts after

December 1975.

2. IL should be used with all PMS tapes with the new format. 
S

The tape format changes are summarized below :

1 elapsed t ime sync

17 BC s tatus word probe co nfiguration -
~~

33 CO status autO elapsed tine

49 DO s t a t u s  word unused - 
-

O P E R A T IN G  ~~~~~~ 
-

~~~

1. control changes : -

u~~c cycle  = 2 ’J 6

2. daL— ~ cards :

none -
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KNOLL1D v 2 . 07  
- -

1. This version contains changes to data modification

S routine used in v2 .0 6. These changes , p r i m a r i l y  for

processing the data from flight A76 - 04  on 11 February
197 6, inc lude the following:

A. Data modification is not used for particle S

types RAIN or WET SNOW . -

B. If there are i n s u f f i c i e n t  p o i n t s  f rom the precip

probe (i.e. less than two channels) the data

modification technique is not used . However ,

the cloud-precip gap is still eliminated and M ,

Z, D~ and K are recalculated . The gap elimina-

tion technique has not been changed . Refer to

the KNOLL1D Operating Manual for a complete
description of this technique.

OPERATING CHANGES

1. control ca rds :

use cycle = 207

2. data cards:

none

_ _ _  
__  

I
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KNOLL1D v2.08

1. L~ is version utilizes the data modification routine

from v2.07 and the pressure correction routine from
v 2 . 0 2 .

2. The height is determined by interpolation of the time-
height profile. S

3. The pressure is calculated from :

P
0

where:

P
0 

= pressur e @ ground

• T0 = t e o pu r at u re  @ ground

a = lapse rate @ ground

R = gas constant

HT = he igh t

OPEARATIN G CHANGES

1. control cards:

use cycle = 208

2. data cards:

insert immediately after option card 
S

1st card : cc descript ion

1-2 (rj ) # of levels to follow
11—20 (if)

2 1— 3 0 ( f f )

31—40 (ff) a
41—50 (If) R

rj = right justified
if = free field with decima l point

L L-~ ~~ ______________________ S
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r emaining ca rds :

(50 max) cc description

1—10 time @HH:NN :SS@

l l — 2 0 ( f f )  heigh t  (meters)

= b l an k

NOTE:

1. start time ~nust be greater than or equal to

the t ime ot levet 1

2. stop time must be less uh~ n or equal to the
time of the last level

I~S
_

I
L L_L 

— 5- —S.----- -- --- -—---——--_-- —**—S— -~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~ j—, —- 5—n- ~~~~~~~~~~~~~~~ 5*555*5~5*5S - -
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S KNOLL1D v2.09

1. This version will produce a line printer plot of total

D3, iN , and Z as a function of time . The three variables

are plotted on the same logarithmic scale with a range

-H o f ± 4 . 0

2. The output deck format has been changed to the following: 
S

cc va r i ab l e

1 blank
2 — 7  time (HF {MM SS)
8—10 blank

11—15 height ( f e e t)
21—30 LWC scatter7
31—40 LWC cloud ~
41—50 LWC precip .1
51—60 D0 cloud ‘)
61—70 D0 precip ~. microns
71—80 D0 tota l J

3. The timing and central memory requirements have been re-

duced considerably. This should improve program turn

around time .

OPERATING CHANGES

1. control cards:

a. job card requires CM6I.000 -toO a time limit

of 150 seconds per hour of data .
b. use cycle 209

c. for  the l ine  p r i n t e r  plot tOO the fo l lowing

c- ir d s  a f t e r  the LGO.

RE W IND ,TAPE9.
COPY ,TAPE9 .

2. d-ita c~irds

option card col 65 1 to prodlllcc t h e  line printer

p lot

—
~~~~~~~~~~~

-— S —  
~
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S - 
8 . 2  KNPLT 1D

CONTROL CARDS

JoE:-~i\ ,cj4l6oooo T5oo Tpl Prob . ~o. Name

REQUE ST TAPE2 ,VSN~ - — —

- 

- 
ATTACH ,LGO ,KNPLT1DB I N X 2 8 7 G , ID=GLASS,CY= ,MR=1.

ATTACH,CRT ,OFFLINECRT ,MR=l.

DISPOSE ,TAPE39 ,*FL.

LIBRARY , CRT.

LDSET , P RESET =zER O .

LGO .

7/8/9

Lt~lT2~ CARDS

7/8/9

6/7/ 8/9

11F THE LEARJ ET TAP E IS TO BE PLOTTED T H I S  CARD MbS T B E . . .

RI-~~UEST TAPE1,VSN= 
-- — — — —

. 

~~~~~~~~~~~~~~~~~ ~~~~ ;S ~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~~~- -—~~~-~~~- —-- — ~~~~~~~- -- ~~~~--
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D~N IA C AR D S

The f i r s t  d a ta  cu r d  is the i n f o r m a t i on card;  it appears
only once. The format for this card is shown below. S

Each plot type requires a clot reoucar card. These

reque st cards ~re unl imited and have the sane format. The

cards are  divided into 16 f i e l d s .  Each olo- t type requires

certain f i e lds  to be used ; all  t h e u nused f i e l d s  may be left

bianl .

card 1. in formation card -
S

VAR cc FORMAT F U N C T I - D N

PLT 1—3 A3 plot t:~rue: PEN or CRT

CLK 5 II clock: 1=A/C 2=PNS

lOUT 7 Il 0 = surrnary only

I da ta & summary
FLID 11—2 0 AlO flight id: FLT XYR—NN

21-30 AlO date: DD 0- YR

OPT 45 Ii 0 = standard data

1 = L~ arj e t data
INT 4 9 — 5 0  12 averag ing intcrvul

(OPT = 1 only)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ - S -— - —~~~~~~~~~ __ ~~~~~~~~~~~~~~ —
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cards 2. ..n plot request cards

cc FOR~-iA T F U N C T I O N

1 Ii field 1
3 Ii f i eld 2

— 5—1 0 16 f i e ld  3

15-20 16 f i el d  4
2 2 - 2 5  fl fiejd ~
2 7 — 3 0  14 field 6

- 
-
~ 3 2 — 3 5  14 f i eld 7

3 7 — 4 0  14 f i e ld  8

4 2 — 4 5  14 f i e l d  9
47-50 14 field 10

52—55 14 field 11

57— 60 14 field 12

6 2 — 6 5  14 f i e l d  13

67—70 14 fi.e]d 14

72—7 5 14 field 15

77— 80 14 field 16

C u r d s  2 t h rough  n may appear in any sequence , however , con—

sido-ranle t ime is saved if cards  wi t h  sane t ime l imi t s  are

consecutive .

~L~e fo l lowing  page , ” pn :uc -st  card summary ” shows the r e nu i r e d

f ie ld s  f o r  each p lot typ e .

-

, 

~S 

_______ _____________________________________________________________________________________________________ _ _ _ _ _ _ _ _ _ _ _ _  - — - 5- -  -— ~~~~~~~~~ -~-~~--—- —--  -- - - -  --—-—- --~--~~—---—---—----- ~~~~~~~
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0 0  0 0  O W  0 0  
5

rtl ‘ a a  0r 0  v-a
C O  (1) 0 0 0 0 0  0 0 0  0
o u -c o u -c o u -c u u -c

0 0 0 0
o s—i w t n o t n w o t n u ~ o w t n o

C) 4J -H -H -H -H -H -H -H -H
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AXIS & TYPE CONES

The f o l l ow in g  axis  and type codes mus t  be used for  the VCO
plot  reques t  card .

AXIS CODE

F

1 Pressure
2 Heigh t
3 T e m p e r a t u r e
4 Dewpoin t
5 LWC—JW

6 LW C-AUSSIE
7 I c ing  Ra te  C
8 Tacan Bear ing
9 Tacan D i s t a nc e

10 M a g n e t i c  Head inq
11 V e l o c i t y
12 P i t c h
13 Acce le rometer
14 LWC Scatter

lb LWC Cloud

16 LUG P r e -c i p
17 LWC T o t  i i ~

18 1~~1J Z ~I~~e t t cr
19 log Z Cloud
20 log Z Prec ip
21 log Z T o t a l

TYPE CODE

1 Scatt er Plot
2 T ine Plot

— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — -  ~— -- - _S_____ ____-_S._____ *_______ ’__ -5_
~

____
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JN-LWC a~~jastment card 
S

If a \ C O  plot request card specifies a i W C — J I vs H E I G H T
olot , (i.e. P axis code = 5 , v a xi s  code = 2 , ao-4 tv o e  code 

S

-
~ 

I 0)  the next card mus t  cont a in  the  ad2u rtee rt t-ar :~met---rs.

The r equ ir ed  p a r a m e t e r s  are :

L r~ujnbcr of Leveli. ~1L

XJ = ori gin  of the JeveH

SL = sloye  of the  level
HT = hei g. b (meters) at the top of the level

The card uses a stan-lard namelist fc- rmaL w i t h  the control

v a r i a b l e  being $AD3U ~~T.  If  t h e  notion is no t  des red the

card OUSt  he

$ADJUST L=0 , SENO

- ——~~ -~~~- — 5- — S - ~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——~~~~~~~—-—-- - —
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8.3 R N I L T I L  ~<NOL L EN13ER G TAPE U T I L I T Y  PROG RA~1
OP~ ~- I I i 1 I N G  I N S T P U C T I ON S

-N X . :  POL_ CA P N N

JOBLD ,2N60300 ,’il 00 ,T-P2.* ProP N o .  Name
-

S 
V SN , ‘ A P E I  = T A P R N O , T h P E 2 = T A P E N O I N  -

PL ~~~~~ 9 9 9 9 , SE , R 3 , p .

R E c U E S T ,~i :~PE1 ,.5 , I J I .
RE. 2E5T , ’ 1 A 2 L 2 , S , H I .

F I L E ( T A p ~~1, RT= U , BT=K ,~ -:RL~~1324 , p2- :.~~i O 2 4 , RB= l , BFs = 1O5)
- - 

S LDSET ,FILES=TAPE1 ,PRESET=ZERO .

~-LA P , OFF .

LGO.
REWI N D , BPARAM , CPARAM , DPAPAP - * *

COPY, BPARAN . ~~4-

COPY , CPA -N - *

COPY , DP : .PX~t . **

7/8/ 9
SOURCE DLC ~-

7/8/9

DATA NLCi1

7/ 8/9
6/7/8/9

*If not duplica ting a tape
]~ c han g e  TP2 to TP1

2. remove TAPE2=TAPLTNOIN Iron VEX card

3. remove REQUEST ‘iAPE2 card

k*ft. 5 I 5~~)y C t h e  c~~rd s  if s ta t u r -  wet-li dum p is not  d e s i r e d

o- .:t t a

~

.

~

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -- - ~~~~~~~~~~~~~ - -- - - -- -
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OPTIONS

1. Deci l23 1 Pum c — one dat-i card

cc 2-4 DEC

cc 5—7 numeer of files -a jocec

S cc 8—1 0 record indicator

i.e. 1 = c-vere record

2 = e v e ry  o ther  record
6 = every s ixth record

ox. to damp decimally, two f ile s ev ery 10 th record

—DEC—- 2—l O - blank

5 

2. Oc tal LeLTSp - one data card
cc 2-4 OCT
cc 5—7 same decimal dump

cc 8—10

c x .  to clump oc ta l l y , nine files every  100th  record

—OCT— —9 1 00 — = blank

3. Selective Record Dum p - n data curas (Decimal only)

card 1
cc 2— 4 1- EC

cc 5—7 (rj ) r :ura b c- r of fi1E-~ c i S np S5 i 4

c-c 8— 10 (r -j) record ind Lcator

cards 2. - .n (one card for ~-ech set of r- -cords)

cc 1—6(rj ) st :artir -t~ record to dum p

cc 7— l2(rj) encliac recT-rO to dump

c:: . to dump every 1 0 t i t  rtae ) rd

f r om  125  ~ n 350 - l Ied

f r o m  1000 to 1500

S - ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
S -— - -- - -

~~
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-REC--1-10

— — — 1 2 5— — —  350

S ~ — — l 0 0 0 — — 15 0 0  — = biank

4. Tape Copying - n data  ca rds

card 1
cc 2-4 DUP

cc 5~ 7 rtumber of fi.lcs to copy

cards 2.. .n (one card for each fiie to be cop ied )

cc 1—6 (rj) number of record to skip before copying

cc 7-l2(rj ) numh ~— r of recor d s to copy

cx.  to c r e a t e  a ta De o f :

records 701 to 7 50 from f i le 1,
and records 25 ~ e 50 irom f i l e  3 ,

the data deck is

-DUP-- -3  
-

— - -7 0 0-- - - 5 0  

0 0
- = hl~~n k - -

5. Se1ect~ ve Probe Dum p ( 1 data clued)

cc 2-4  DEC

cc 5—7 numb- -- r of f i l e s  dumped

cc 8-10 r -l: or- : indicator

i . 0 . 1 = e v e r y  r acor d

2 e v e ry  o ther  r e c o r d

6 = c ver~ six th record

cc I S seI.~~c t - d  p e a L e

flLICd~’0 or5 reju iar cl~.-c h au l  durip ( : D T I O N  1)

1 OJr ~~ - i f  ~ - t r  p - I O b - ~ cail~
2 ~oe l o u  oreft c- on

~ CI’ C -  t L -  C (T e l . - -

—— 
~~~~~~~~~~~~~~~ s s s  ~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~5S _________________-s s S
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ex. To dump decimally,  2 files every 10th record for
Precip Probe

— DEC-—2—lO- ———3 — = blank
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8.4 HIAC1D HIAC1D

The MRI1D program has been rewritten to process the High

Altitude aircraft tapes. The program will list the tapes in a
format similar to KNOLL1D . HIAC1D uses the standard (210 words !
record) tape as input. The program will produce an output tape
suitable for processing with program RAPP (9 words/record).

An editing option is included to eliminate certain channels.
Actually the channels specified are zeroed out.

The median volume diameter is also calculated for the three
probes.

~~~~

~~~~~~~~~~~~~~~~ ~~
..
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CONTROL CARDS

JOBNR , CM60000, T200, TP1.

REQUEST TAPE1,VSN=

REQUEST TAPE2,VSN= ,RING .

ATTACH LGO,HIAClDBIN~ 2876, ID=GLASS,MR=l.

ATTACH AlO , A1OFORMAT.

MAP S OFF .

LOAD, AiD

LGO.

REWIND,TAPE3.

COPY,TAPE3.

EXIT , S.

REWIND ,TAPE3.

COPY,TAPE3.

6/7/8/9
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INPUT CARDS

Card 1 col. 1-6 input tape number

Cards 2-n (one card per pass)

• col. 1-10 start time HH:MN:SS

11—20 stop time HH:~ N:SS

21-25 pass number

2 6 - 3 0  averaging inte :r va]  (scx:ondF.)

33 1st probe to be edited

34 2nd SI It

f - 35 3rd “ “ “

37-38 1st channel to be edited

40—41 2nd

4 3 -4 4  3rd “ I’

4 6 — 4 7  4th “ I SI

• 49—51 5th “

- 52—53 6th I’ 1 SI

- 

55—56 7th “ “

58— 59 8th II II

61—62 9th “ II

6 4—65  10th “ “ “
V 

67—68 11th ‘I

• 
- 

70—71 12th “ “ ‘I

73— 74 13th “ “ “

76—77 14th “ “ “

• 

V 

79— 80 15th “ “ “ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
-
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8.5 SPANDAR OPERATING INSTRUCTIONS

There are no data cards required to run this program. Every

run will produce an output tape wi th  a tape suzt~nary .

CONTROL CARDS

JOBNR ,CM65000,T100,TP2. Prob No. Nam e

• REQUEST TAPE1,L ,VSN=TAPENO .

REQUEST TAPE3,RING,VSN~LYCXXX .

ATTACH LGO, SPANDARBINX2876, ID=GLASS MR=l.

FILE ,TAPE1,RT=U,BT=K,MRL=5339,MBL=5339,RB=l,BFS=536.

MAP ,PART .

LDSET ,FILES=TAPE1, PRESET ZERO.

LGO.

V REWIND,TAPE8, ~
~ required for tape listing on]y

COPY,TAPE8. J
REWIND ,TAPE2. )

~ required for line printer plot only
COPY,TAPE2.

• REW IND , TAPE4 .  )~required for punched deck only
COPYCF,TAPE4 ,PUNCH.)

6/7/ 8/9 
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8.6 RAPP
1

GLAR4, CM75000, T200,TP2. 2014 GLASS

REQUEST, TAPE1,VSN=LYCXXX. (KNOLL1D OUTPUT TAPE)

REQUEST, TAPE3,VSN=LYCYYY. (SPANDAR OUTPUT TAPE)

ATTACH ,LGO , RAPPBINX287 6 , ID=GLASS ,MR= 1.

ATTACH, CRT, OFFLINECRT, MR 1.

• DISPOSE,TAPE39, *FL.

LIBRARY (CRT)

LDSET, PRESET= ZERO .

LGO.

7/8/9

DATA

6/7/8/9

• -
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*

CARD 1 HEADER CARD

cc 1-6: MISSION ID XYR-NN (A6)

cc 8—13: A/C TYPE C130-E or C130-A (A6)

cc 15-24: FLIGHT DATE DD@MON@YR (A6 )

- - cc 25: PROBE 1=SCATTER ,2=CLOUD ,3=PRECIP ,4=TOTAL (Ii)
cc 31-40: RADAR OFFSET DISTANCE (IN METERS) (F10.0)

cc 41-50: RADAR CORRECTION (IN DB) (F10.0)

cc 55: KWAJ (1 1F KWAJALEIN FLIGHT, O OTHERWISE) (Ii)

cc 56-65: DB1 (MINIMUM RADAR DETECTABLE CONSTANT) (FlO. 0)

CARDS 2-N+1 PASS CARDS FOR N PASSES

cc 1-2: PASS NUBMER (12)

cc 4-9: BEGINNING PASS TIME IN HHMMSS (F6.0)

cc 11-16: ENDING PASS TIME IN HHMMSS (F 6 . O )
cc 17: CRYSTAL TYPE I ICE , W WATER(R AIN ) (Al )
cc 20-29 : MINIMUM LWC VALUE (gm/M ) (F10.0)

I :i
—1
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• 8 . 7  RAIN PROGRAM RAIN

CONTROL CARDS

F : JOBNN,CN70000,TP1,T300. 2014 GLASS

- ATTACII , LGO , RAINBI NX2 876 , ID=GLASS ,NR=1.
- REQUEST;TAPE 1,S,VSN=TAPENO .

ATTACH ,CRT ,OFFLINECRT , MR~ 1.

— D 1SPOSE ,TAPE39 , *FL.

FILE(TAPE 1,RT=U ,BT=K ,MRL~~104 ,MBL=1O4 ,RB=i , BFS=13)

LIBRAR Y ,CRT .

LDSET , FILES=TAPE1 , PRESET= ZERO.
V LGO.

7/8/9

DATA CARDS

6/7/8/9

- -

V V



-~~~~~,~~‘--. ~ -V.-•, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :-::~~~~= ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -______ 
___________- -

198

DATA CARDS

CARD 1 HEADER CARD

cc 1—2: GROUPING INTERVAL (SECONDS) (USUALLY 10)

cc 4-13: DATE DD@MON@YR @ = blank

CARD 2-(F+1) F = NUMBER OF FILES ON TAPE

cc 1-6: FILE START TIME (OCTAL ) HHMMSS

cc 10—15: (K) NUMBER OF SIGNIFICANT BITS (IS) (rj)

cc 20-25: ‘~F) RANGE SWITCH SETTING OF PEAK LOAD -

VOLTMETER (r j )

rj = right justified

A
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