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SUMMARY

The design of a computer interface board is described, which monitors and controls

the operational status of a modified Linoscan 204 scanner/generator, used in the produc-

tion of photographic images from data stored on computer compatible tapes.
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1 INTRODUCTION

The UK National Point of Contact (NPOC) with the European Space Agency's Earthnet

organisation is a centre operated by the Remote Sensing Unit (RSU) of Space Department,

RAE Farnborough. One of its main functions is to produce photographic images (Fig I) from

remote sensing spacecraft data, such as Landsat provides using a Linoscan 204 film-

writing machine2 . The spacecraft data are stored on computer compatible tapes (CCT) and

are read by a PRIME 200 digital computer before transmission to the Linoscan machine.

Here the data are converted to analogue signals, which are used to control cold cathode

crater tubes. The light emitted by these is passed through precision optical systems to

expose photographic film to produce monochrome negatives.

The interface unit described provides two-way communication between the Linoscan

and the computer, enabling an operator to check that all initial conditions are estab-

lished correctly prior to commencing film production. In this way, operator errors are

reduced and repeatability of output products is maintained. This reduction of errors and

improvement in quality is very important to the efficient operation of the NPOC and of the

associated UK RSU, because the available photographic facilities are always under pressure

to increase output. Consequently, any procedures which reduce wasted effort are

beneficial.

2 SOURCES OF IMAGE DATA

The RSU is called upon to produce images derived from many different spacecraft and

sensors. These include the following:

(i) Seasat A. Synthetic aperture radar images generated by digital processing at the

RAE of the data transmitted to the ground station at RAE Oakhanger.

(ii) Meteosat. Images of the whole earth, or of sectors, in the visible, infra-red,

and water vapour emission regions of the spectrum. The data employed are acquired by the

ground station at RAE Lasham.

(iii) Tiros-N and NOAA-6. Images in the visible anQ infra-red regions of the spectrum

derived from the Advanced Very High Resolution Radiometers carried by these meteorological

spacecraft. The data used are acquired by the Lasham ground station.

(iv) Nimbus-?. Images produced by the Coastal Zone Colour Scanner and acquired by the

Earthet station at Lannion.

(v) Heat Capacity Mapping Mission Spacecraft. Data acquired at Lannion from this

spacecraft by both day and night are used to generate images for thermal analysis.

Despite this variety, the bulk of the image generation and processing is from

tandsat data, so a more complete description will be given of these spacecraft and of the

sensors carried by them. The Landsat satellites are a series of remote sensing space-

craft launched to survey the earth, from a typical height of 920 km. They are injected

o into polar orbits with a longitudinal image swath from 81°S to 810 N. The ground path of

"7 each satellite is repeated to within 37 km every 18 days (251 revolutions). The space-

craft carry on board two remote sensing systems:

- " 0 i



(i) a ulti-Spectral Scanner (MSS)

(2) a Return beam Vidicon (RBV) sensor.

The 2SS scans the earth over a 185km wide swath and collects data simultaneously in

four spectral bands, covering the range from 0.5-1.1 microns, with a spatial resolution,

1 -iLe d on picture elements, oi- pixelc, of O taetres x 6O metres.

The RBV system in andsat 3 views the same swath as the MSS, but covers overlapping

aidjacent areas about 98 km qu:re (four it6V scenes will normally fill each 'SS frame).

The RBV system consists of two panchromatic cameras operating in the 0.50-0.75 micron

r Pectral band.

The data are transmitted to the ground in analogue form, via an S-band data link

(2.? jHz), where they are -,ieq, digitiied ,nd recor(ed on mugTnetic tape for sub-

.esuent processing and production of images. The sampling rate corresponds to a pixel

: ,' : ' : . are.

THM LINOSCAN MACHINE

The machine used in the production of Landsat and other spacecraft imagery is a mod-

ified Linoscan 204 scanner, which can function either as an 'INPUT' or an 'OUTPUT' device.

In the 'INPUT' mode, transparencies to be 'READ' are mounted on a tranparent drum (Fig 2)

whilst in the 'OUTPUT' or 'WR=I' mode, films to be exposed are mounted on an opaque drum

(Fi!7 _). b oth iru t ,re connctebl i a common shaft and belt driven using a synchronous

motor.

When 'WR1i:', digital data stored on CCTs are processed by the computer and trans-

mitted to the Linocan machine (Fig -). The data are converted to analogue form and used

to modul-'te the brichtness of z cold cathode tube, whose light output is passed through

-n optical system of !.nes end filters- and is focussed on to the film to be exposed. As

the film rotate, in front of the lamp, so a thin line, varying in intensity, will be

on th- film.

The optic-il s vntem is mounted on a carriage which is driven by a lead screw, and as

the letter rotete. , a 'helix' of light traverses and exposes the complete film.

ilme to I- ' F1-' ! mounted on the tr-nsparent drum and illuminated by a small

hatlogen lamp mounted within the drum. As the latter rotates, the film is scanned by a

thin snocil of' i -ht which -iirels eround the film ais the lamp moves transversely alonj
~the i~ram.

2he lirht t:"as. ttei through the film is received by a system of prisms and filters

,.hich sepsrtte it into three spectral bands plus a black/white channel. These provide

insets- to shotomultilier tues, the electrical outputs of which are digitised, prior to

1,ein17 processed by the computer and subsequently recorded on CTs.
Cn

2HE CONPUT k I:iaSFACE

.:, jeneral description

D et a transfers to end from the Linoscan machine are controlled and coordinated by

PRIME serie; 22)0 computer, using a .eneral Purpose Interface Board (GPIB ), Fig 4.



This is a standard piece of hardware provided by the computer manufacturer to -Ilo.

interfacing with non-standard devices, and consists of a system of dual in-line pack.res
(DIPs) mounted on a universal pin connector grid contained within a standard computer

module.

Functionally, the 6PIB contains two discrete sections:

(a) A prefabricated and tested logic system which provides the user with appronri-

ate data and timing signals, details of which are given in Ref 3.

(b) Special-to-purpose interface logic designed by the user (SPIB).

4.2 Special-to-purpose interface (SPIB)

4.2.1 General operation

The function of the SPIB is to provide two-way communication between the Linoscan

machine and the computer, thereby enabling the operator to check, and if necessary,

modify the operational status prior to commencing film production.

A block schematic of the data highways is shown in Fig 5.

Status data regarding bit rate, scan rate etc are loaded into the data buffers via

a control pulse, which is generated by an OCP computer instruction. The buffers are

interrogated by an 'input to A register' (INA) instruction which enables the data to be

processed by the computer and printed subsequently on a teletype machine. When the infor-

mation has been checked and verified, the operator sends a GO instruction and film

READ/R12E commences.

The computer program for implementing these instructions, ARTHI, is described in

Appendix A, and the actual program is detailed in Appendix B.

2.2 Detailed operation

Fig shows the circuit configuration for controlling the flow of data.

Initially the computer generates the :YeCL sig-nal which is applied subsequently

to the CLEAl input, Pin 1, of 2"LIP/2'LOF ,, -ettin, it., '' output, Pin 5, to a logic
'0'. The output of NAND gatQ, 411-, aslumnes a log1ic '1' lvel which, via the Of- gzate

comprising units 39E and 45E, drives the READY line positive. Thus all data transfers on

the computer bus are inhibited.

To commence data transfers, the computer acknowledges the reception of an INA

in;truction an transmits sigTnals PIOXX, IAXX and DFOOXX. Device address signals DADOC
and DADJ, :after inversion, are combined in NAND gate 37E to produce the UPADOK signal.

which when asserted (logic '0') connects the READY line to the computer INPUT/OUTFUT bus.

The generaition of control pulse 0CP1766 (Fig 7) sets the 'Q' output of FLIP/FLOP
'7E, pin 5, to a logic ' I' and simultaneously loads Linoscan information into the data

Sregis ters D and E (Fig q).

* Phe action of setting FLIP/FLOP 47E, enables the NAND gate 41E, which in turn

lriv-i7 the READY line negtive, notifying the computer that the SPIB is ready to transfer



riita- -tored in r-ris-te-is L, tn~ E. 4hen lntta trainsfe~rs- have been completed, the. computer

Zsass)lies .i STROi; ruoise which resets- FLIP/FLOP 47E, termin.,ting the INA instruction.

Further da-tai trainsfers, niay be executed by generating DAT^A STROE which enables the

whole seluence to be ropseite..

LI:4USCA ' STA7iS ,*

The Lino.;can ;i-t-t rjint,, to be monitored -ire described in the following sections.

-it rate monitor

o accommoja.te the VatrloL:s at raites fromn the. remote sensing spacecraft, three

tramxhee s';itce-Ire rrnvi ieci on tho: iro.sCar, which can be proi-ranmeki from

:itss~cu.: Ls~). he outputs of the switches, 000-999 in Binary Coded

-' A ) -it iTL cos-ib oic leel, re fedi into ai BCD to binary converter

2 F 'F 1 - -F, i:F) vit invertocs ViP SF (Fig i)). The converted outputs

tei to thelteseit ;' tei (Fig7 J :ilong the data lines DATA 01+s to DATA 10+.

- eelmonitor

0o contz-oL th.. i-e~i - ,itch is located on the front panel, having two

t-.-iton- : /D-1SL0 a in tho FAS poition, -I ±_ volt s7it7nal is applied to the

* IW oition clvolt is applied. These voltage-,

ini i t tli int---, o! I whc"'e -tft,-r inversion, they are transferred to the

tisj- pitch: of the helix- between tw,.o fixed sett-

at t- tii ,zd.: sw%,itch on the front panel. When in the

(F>:~ ~ ~ : 1 : rs Is applied to a -%NM 3~

t in )!it,.it vitiac.- comptib-le with !PIL logic. The regulator

i nt in n ' .n ama: i st P a ., i lscent to the switch terminals at the back of

rho~i~- ine.t;'sa o o,.tzr'it voltasi e of ±Pvolts' when the switch is in

:* . ... .... po~ ~Lis. 'hese siigals are applied to

in i triven to twe parallel push button switches. One is

cant to the FAST/SLOW and FINE/COARSE switches, whilst the

atc a- tii r-volvinC drum. When depressed, either switch will

ti,- It is- important to monitor these switches since, when

i in,- l c n - i c! , th ; chint- is,- light-tight and hence there is no indication

t .,h is':eress-ed or not. To monitor the status of the

i t e,11 v -ti 'i- voltage,(, peak aimplitude 18 volts, is available. This volt- -

*'et t 1,,' and a i? ii''pa(-i taru, oonnecte~j in parallel (Fig 1 M

n:a i-:- to 0 2tes-ltr he re.7ultant output voltage (+5 volts when c

'P~~~~~~~ hle T1+oth user data rerister (Fig, e)

a7

---------------------------------------------------------------- UZ.. .. .



The capacitors and voltaqget regulator are mounted in the same Aiecoizt alum-inium be:. :. th

components for the Fi:E/COARSE twitch monitor.

5.5 Carriage return monitor

The carriage contains the lights which are used to expose the films. The carriage

status is in important factor to monitor, lecause if it has nrt been returned full., to

its initial position prior to the commencement of writing a film, only a portion of the

film will be exposed. The monitor point for identifying the carriage position is a

micro-switch, which is connected to a '+5 volt' source when in the forward position, and

'0 volt' when in the start position. The switch voltage is inverted, before entering the

data register on input line DATA 114* (Fig 8).

5.& Lamp monitors

There are four lamps mounted on the carriage, of which I and 3 are used for the

generation of images. In the event of the lamps being left on permanently, in which case

their lifetime is shortened considerably, or not being switched on initially, when no

negative is produced, the mistake is not discovered until much later, after the negatives

have been processed.

The connections made to the terminals of the lamp switches are shown in Fig 11. The

voltage on these terminals is +§, volt' dc when in the DFF position an, '0 volt' when

in the -' position. To prcvi_(, 1)1m e log ic le;veLs, the voltae i-s re7ujated b,.' a

.A 1 :c, voltage reguilator to produce C to +) volts. The regulator output is then

r: 'sorfe] t<; srsiu .e an o tpiut vcitagc of'+ vo lts' when the Ianp is 20 and '.1 vot'

when F. '1Te 11ut. is fe 11!u the .iat registers along lines: DATA 15+ for lamp 1,

,:',, I'+ f r lamp { (Fii 9).

~CCLDSiO0;S

, coas ute' interfuch; s ceen i :nd progrms have been written which enable

n arr,to to soasmunicate with at Linoscan machine under computer control. Using a

_,-tion ini ,n:-.ser-' technique, the compputer u-sits confirmation of correct operational

t tP.e:s', , :a'.:in, fila. /lDiliE arecedures: to commence. Thus operator errors are

:',:s:con:i ierI, resulting in incrs'ised productivity.

Accnow!edgment:s

, uthoriihe" to thani .r L. Smith, 1:r A. O'Dell and Mr G. White for many help-

S 'i.22J iinS.
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A-opendiw A

A D!iSGRlPYIOI O, > J0Si C;i fi{R .- u ;EA , ,{. . ul

A.1 Introduction

This 1N]emorandum is an introduction to the use of the AiTH^ orogram on the Linosc-n

;Iiskette.

A.2 Start-up procedure

After switching ON the computer and its associated peripherals, the following set

of instructions should be executed.

A.2.1 Insert diskette marked i inu:-r.s in drive 1

The drive number is on a thumbwheel above each drive. Usually the left-hand drive

thumbwheel shows '2' and the right-hand one '1'. The drive labelled '1' is diskette drive

20, and the one labelled '2' is drive 21. The diskette must be inserted with the lsbel

outermost and facing to the right.

A.2.2 Set sense switches 14 and 15 in the UP nosition

The sense switches at the front of the computer are numbered 1-Il, from left to

right. Each switch has three positions 'level', 'up' and 'down'. Each sense switch will

stay in the 'up' and 'level' positions but is spring loaded to return from the 'down' to

the 'level' positions .hen depressed. For this step sense switches 14 and 15 should be

in the 'up' position andi all others in the 'level' position.

A.2.A Set the rottr, switch to STOP/STEP

,.he rotsry switch i.- on the risht-hsnd side of the computer control panel, and has

seven positions. Phe STOP lisht shove the rotar.: switch is illuminated whenever the

rot-'rv switch is ",,t to S20FiSLSE.

A.2. Press mn r<!.'sse ,AdTE Ch ,

The 'ASTER CLLA. snF ,, 'witch is s7itu-te i on thy left-hand side of the computer

sanel, anA is si .ins ied.

A.2.T S',t the rotary switch to iOAL

A.2, Press nd relc,se START sense switch

STAiT -%.witch is -idjaicent to the rotery switch. It will return on a spring

when r'el ,se . h, teyt 'PHYSICAL DEV -' will be typed by the computer on the teletype.

"hismes-age it lic°ites that the computer is re-uesting a number from which to load the

op-ratinr y As y:ou have pat the Linoscan disi-ette in drive '1' the device number

. e fer to the following example.

", pe 20 followed .y cairriage return (CR)

When you type this on the teletype the system will be loaded annd will print:

fR=iEMN F'AGE BLAwM-aar fnlin.D

Moon.i ili I i I i i-=.=. ..



Appendix A

F~iI1OS IRV HW 9/2,/77 (AT 070000)

OK:

., Lrn tae rot-.r -,..itch to RUN

--wich can be done at an. time after the START key has been depressed.

2:ne S2ARTUP 20 followed by (CR)

•.s.hence the system will type:

OK:

Z fTye in ARrH{I

his ,,ill start the rrogrrnm for checking the setting on the Linoscan, and will then

r int the following:

GO

IS THIS YOUR FIRST RUN.

fa tyJe in '-ES' or' '[0'. Answering this question will decide whether you want to set

Sth, initi-sl con itions or use the conditions set for the last band.

if it i. yous -'in: 'n, after you have typed in 'YES' the teletype will print:

'YPE I Ti£E HIT RATE PLEASE.

", '.'mpe) folio-e:1 by (CR). The teletype then prints:

YOU TYPED IN 44, IS THIS CORRECT,

... . ..- '0' (CR). If it is incorrect and you wish to change it,

:U "" , t!:. t- f :. ,ill sp int:

iC EORREC ONE 1OW.

":ssn t; . inns.t coniition: . if'N' is -nswered to any of the questions asked

t.1,i t :t!,). , rrint out will be written. The correct data is

n n t, -- . . : . '.

-:vis, ins t ts¢ t:' th,- tit .-,to andt checked it the teletype will print:

.3.FEEED? - 'AS2=FAS, SLOW=SLO.

in '.~2 o- 'O' (CR).

ii- r -
:, tr ti, n .:-, you if ,rh-t :,,ou hive just typed in is correct, and now you

sc:n,,e it or not.

COARSE OR IN' - F I1E=FIN, COARSE:COS

0: :.r'7, , th<'-n fo i ,,: it I.; Q k)

0o



ni t'fl~llx A

It chck.- ''eu' 41', th t .1n the tel et're '::ill nrint 1

TYPE IN NOc FOR LAYP i, N4102 FOR LAYlP 7 FOR BOGT11 LLUPS

i ou answer thi.s- que.-tion, the computer checks, it with ::o'i, then terenilne- on the'mes

7$1s~ thle tex'ln ol sr

YOi', i0U EADY?

Yoau moswer 'YES' or '0.If 'YES' the compute-r will then check aill the seottini- on the

Linostcan with wh'tt h'is eotn input. It 1,-ill also check the mandatory or thse Dru.m

Index aind Carrictee- Rtai~n.

If _a fault i, found, the teletype will print ak nle sage:

'a> ~ ~ i TH01i "zISO WHENz YOU HAUVE COREECPK lIE E SWITCHES PRESS REIfTN

Alteo correctin!- t~ic :witc~i tne computer will then check, -ill the T-ettinr nd n if

anothier error his aecar't 1 1 :'irthes-1 ,e " e ill 1)e printed. ONLY when ALL s-witches- a-re

set correctly if the telety:pe print:

A-',, TE s ;TNS AV E>' CHECK;iED A:;t ARE COR RECT

Aft, ai pause it .:ill i-.int:

Vito com:n-zteri' r,). n I eN,: in i 0 ttin' . ", nl'e for -uso.

*vtnthe :o'' is an 'i fori the new t bi aind the teletyr-e prints:

70 f ~~1'5 1' s,ic( ttt in7 5't ct -;lit ,,, nt a ettintos_ --ro

YO .A± 11-i7,

v(t U 1Is''i.:.a's: YS then tht'' co:,.Oat"' wll't- 'y'ea chit new bit rate-

* Ic x' nt.

i:f otiat t''-: the 't we :0 th-n tile to ie.t:vo will. 0!1or A int:

t-.-cir :-ia ,n.-: 1 r sor ''10' . Af't r 'nwietl.s-'- i tile comn-ttei will then

'l.t-t 1'5ttt5tflf tj''infl. c-n '!n 1 oint (lit '-,n 'lO'lt'5le if one is oud

''p1 n tic ol inp''o.
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Appendii Z

YOU LYPED IN 12-3 IS THIS CORR~ECT?'
YES
DRU14 SPEED"? FAST=PFAS, SLOW=SLO)

ETC



Appendix b

>315 PROGRAM CHECKS THE CORRECT SETTING OF T HE SWITCHES ON HiE LIlO$A4I_

ZHNi,7 DAT4 FROM1 OPERA~TOR
sSER ' SYSCOM)A$KEY5

LOGICAL OK
PEAL JAAJ8,jCC,89, 8I, CH
I NTEGER B H .S IIJ~Z J' 8J
LC LL ATCH$$'%'LIHQ'. 4, :1~8813. 6H 1I 100E9

'i5 3RT ISTHIS 'fOUR FIRST BkNU'

56 r3RmkT. 1AI

H-,L F i~o,

TAJ 7 3
ALL FQRC'iL(J JA ,J8B,JCC,AUSJA,.dS .C~

.I-' S FQ 'NO' ) OTO 71'
5 4 c£.1 ),T -N tE

WPI TE
P01 A.Z TYPE IN THE E3IT PATE PLEASE'

G,

A T 0PUM SPEEV' l FAST=FAS .SLOW=JSLO')

t;SE S ,j A q
:CE~ j COT'J 81

ON T GOT!F*

LHLL CH~e(~ 81,6Jj j~

L?-L L ' rISFZF 'OJA4 C

~ t 6 ) COTO 3 1-

f7 E Q F S -j fu (

FOPMkT COARSE OR FINE'- FlHE=FIN,COwRS[=0ODS'
p V. $ 1 .2 18 ) J Be

.GFOP'AT143)
^LL kNSERI(,d9E2_)

,F(Z EQG C' OTO 83
IF(S1 GT 8) COTO -01I.,N:U
R> lJaB



Appendix B

" t(SEP 1 1 -ISE'
F 2 E~ -1 0 , t Q j70 -

'4) 1HNUE

FJ8=81 FI

IF( JBB.EQ. 'COS' JS=H
Si I I =

62 W R ITE (I 14
4 FORMsATi 'W4ICH LAMP'E D LO YOU PEOUIREI-.
iTYPE IN NOI FOR LiiMP 1,N03 FOP LH4MP 3.!r3 FOR BOTH LAMPS~

REAbD( I , 130.f *J CC
300 FORM.4T'. i3)

Co LL ANERII ('S11JCC- 7

Ii7(Z EQ 9) GOTO 35
1 F(51 SCIT 8 ) GOTO 62

CM4LL CHEOX.( 81 -.BJ ,J1
JCC'8 I
C#4LL NNERII.SIIJCC2)Z
IF( Z E Q 0t GOTO 96
IF(SII CT 0) OTO ,
C CONT I NUE

:F( JCfC EQ. N03' ) .C=
.F(jCC EQ. M'I JC=,2

lD0EHt4k 44WRI T+(ASRdF.- L IN' F 1LE .
I.F(Ov 1 GOTO 1313 1
wP!TE( I 14141

W FORMkTt'FAILURE TO OPEN FILE W~
_31 1 WPITE(9 1111 JA. 38 JC.i J8.
11111 FO0R M 4T (.:3 11 ,1

1.4LL rL0SSi~f5
7 2 C ONT I HUE

WPITEtl15'
5 FoFMA T '. 'ARE V00' PE AD Y)

PEED( 1,54321, CH

IFCH EQ * EE' GOTO 8<1
I F(ClH EQ ' NO' GO-0 8?
rALL FINAL
G)QTO 5
I Ff CM EQ 'NO' Co~LL wNSEFX

rZ CONT I NUE
w.C PE"E4 LDTi FROM LlTN0QSRNt

CkLL INrF( I
I T=A~NDv. 1 1821

P=~N R~l 8

A'~.N D t RS3( 1 12' -

;H= HD.P ( ,13) 1
fr m A'#.N ' [), F 1 14 7

CCOMPR49E OATA4 FROM OPEPATOF AND L HO ,CHN
IF( 1 NE - GOTO V

' F N4E JH .' Gi 7

IF(Il .14EJh) (jOTO V



Appendix B

I E' 1) 3 G0Tf

I C E Q 30i C.OTO

IF UE£ Cs TI 3

I,[ COE 0 GOTOi 2
li 11 £ I Q01 '-.

iF4. 10 E Q 2. C, aT C 2 C

C . i)N T IH UE

P0T p I T E C T1 21,4

F2 O P'JIP T qL L T HE ; E7T~ IHG W HVPE CEEHN 4E C E' Dn~ s il E CC P ECT

;L L iHCPflT'TXK S S' Sl: j:,
F(T:Eg 4 ~OTC. 40
!FTs L 4) GOTO 4,

i Ut( G 7 0 ;GO T. 4S

jN TU 1J

%~ +:

F( P EQ -d C l 32

I T. Eu .L C '

sR R T, 4H E N Vu l Hu VC o:F PE< . 7 THE 'i HE E? P 76 0

F !PMHT, 'THE EIT RpTE K j,hF 1) G

W ~PI Tc
' PM ,T HE D P 0JM _P E E D S c'E 7 ~P 0 4

i PlTE% Il
'? FMkTi 'THE C )U PS E FINE S ijlTCH IS 'ET 61RGN
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Table 1

CONNECTIONS TO OUTPUT PLUG ON LINOSCAN

PIN

1 Thumbwheel switch units I

2 Thumbwheel switch units 2
3 Thumbwheel switch units 3
4 Thumbwheel switch units 4

T Thumbwheel switch tens 1
T Thumbwheel switch tens 2
Thumbwheel switch tens 3

B Thumbwheel switch tens 4
9 Thumbwheel switch hundreds I

1P Thum'bwheel switch hundreds 2
I" Thumbwheel switch hundreds 3
12 Thumbwheel switch hundreds 4

z Fast/slow
14 Fine/coarse
15 Drum index
IS Carriage return

S 7 Lamp 1
18 Lamp 3
19 :4/c
20 Thumbwheel switch common

221

24

", Not connected

, -z 1

Fi st/slow earth
line/coarse earth "

*i; Drum index earth
-arriage return earth

,3 Lkmp 1 earth
Lamp earth

al
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Fig 11
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