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Introduction 

The AP4 i s  a c y c l i n g  porometer. It i s  used f o r  measuring the  stomatal 
res is tance o f  p l a n t  leaves. Th is  i s  a measure o f  t he  res is tance t o  l oss  
o f  water vapour through t h e  stomata and i s  an i n d i c a t o r  o f  t he  
phys io log i ca l  s t a t e  o f  t h e  p l a n t .  

Stomata are  s e n s i t i v e  t o  l i g h t ,  carbon d iox ide ,  p o l l u t a n t s  and water 
s t r e s s  and pathogens. The AP4 provides an important t o o l  f o r  
u n r a v e l l i n g  and understanding t h e  i n t r i c a t e  web o f  mechanisms t h a t  
c o n t r o l  stomatal behaviour. It a lso  has an important r o l e  t o  p lay  i n  
t h e  comparison o f  t he  performance o f  d i f f e r e n t  v a r i e t i e s  and breeds o f  
crops i n  response t o  environmental v a r i a t i o n s  and st resses.  

The instrument works by measuring the  t ime i t  takes f o r  a l e a f  t o  
re lease s u f f i c i e n t  water vapour t o  change the  r e l a t i v e  humidi ty  i n  a 
smal l  chamber by a f i x e d  amount. This  i s  compared w i t h  a c a l i b r a t i o n  
p l a t e  o f  known res is tance i n  order  t o  de r i ve  the  stomatal res is tance o r  
conductance o f  t h e  l e a f .  

The method i s  w e l l  establ ished.  I t  i s  supported by a good t h e o r e t i c a l  
understanding o f  a c y c l i n g  porometer (Montei th, Campbell & Po t te r ,  1988) 
and backed up by our considerable manufactur ing experience o f  t h i s  type 
o f  instrument.  Many hundreds o f  Delta-T c y c l i n g  porometers have been i n  
use throughout t he  wor ld over t h e  l a s t  decade. 

The design has been s i g n i f i c a n t l y  improved by the  use o f  a 
microprocessor t o  release t h e  user from the  burden o f  f requen t l y  
r e p l o t t i n g  c a l i b r a t i o n  graphs. The process i s  now much s impler  and 
quicker .  It a l so  needs doing l ess  f requen t l y  because t h e  AP4 can co r rec t  
f o r  changes i n  temperature. Readings are  au tomat ica l l y  converted i n t o  
u n i t s  o f  res is tance o r  conductance, and can be annotated, displayed, 
saved and output  t o  a computer o r  p r i n t e r .  Menu d r i ven  software, a 40 
character  by 8 l i n e  l i q u i d  c r y s t a l  d i sp lay  and dedicated func t i on  
but tons a re  t h o u g h t f u l l y  i n teg ra ted  t o  make t h e  use o f  t h e  instrument as 
i n t u i t i v e  and simple as possib le.  

Beginners can be up and running q u i c k l y  w i thout  a deep knowledge o f  a l l  
t he  a v a i l a b l e  opt ions,  whereas more experienced users have easy access 
t o  t h e  d e f a u l t  s e t t i n g s  v i a  the  use o f  a context  s e n s i t i v e  SET but ton.  
A HELP bu t ton  d i sp lays  contex t -sens i t i ve  he lp  messages, and a laminated 
s i n g l e  page Quick Guide i s  provided which you can tuck  i n  the  ca r ry ing  
bag. 

A s i n g l e  bu t ton  on t h e  porometer head permi ts  one-handed use o f  t h e  
instrument i n  t h e  f i e l d .  The sof tware i s  arranged so t h a t  successive 
readings can be taken, evaluated and stored j u s t  by pressing t h i s  one 
but ton.  Stable readings are denoted by a the  sound o f  a double "beep", 
so you do no t  need t o  look a t  t h e  instrument a t  a l l .  

Two porometer cup shapes are provided f o r  d i f f e r e n t  l e a f  shapes. The 
head and case are r e l a t i v e l y  l i g h t ,  and a padded shoulder bag w i t h  a 
wa is t -s t rap  i s  provided as standard. 
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Warn ings 

HEAD UNIT 

DO NOT USE ORGANIC SOLVENTS ON OR NEAR THE RH SENSOR 

PROTECT THE RH SENSOR FROM SMOKE 

PROTECT THE RH SENSOR FROM SHOCK 

AVOID TOUCHING THE RH SENSOR 

AVOID CONTAMINATING THE CALIBRATION PLATE 

AVOID WARMING THE HEAD OR CALIBRATION PLATE BY EXCESSIVE 
HANDLING OR EXPOSURE TO THERMAL RADIA TION 

DO NOT LEAVE A LEAF OR THE CALIBRATION PLATE I N  THE HEAD WHEN 
THE AP4 I S  NOT CYCLING 

WHOLE INSTRUMENT 

AVOID STORAGE OR USE ABOVE 80% RH 

PROTECT THE AP4 FROM WATER 

AVOID DEEP DISCHARGE OF BATTERY. 

RECHARGE A FULLY DISCHARGED BATTERY IMMEDIATEL Y. 

DO NOT CONNECT BATTERY CHARGER TO THE WRONG MAINS VOLTAGE 

YOURSELF 

DO NOT EAT THE DESICCANT ( or a n y  o t h e r  p a r t  o f  the 
p o r o m e t e r  !**!) 

YOUR ENVIRONMENT 

The b a t t e r y  i s  l e a d - a c i d .  D i s p o s e  o f  i t  s a f e l y ,  a s  both 7ead  
a n d  t h e  a c i d  g e  1 a r e  t o x i c .  
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Unpacking and I ns ta  7 7at ion 

3 ,  UNPACKING A N D  INSTALLATION 

Upon d e l i v e r y  you should  r ece i ve  a pack ing l i s t  w i t h  t h e  porometer.  
Check you have eve ry th i ng .  

YOU SHOULD HAVE 

One AP4 i n c l u d i n g  one head u n i t  i n s i d e  t h e  case. 
(Some customers may have ordered a spare head) 

One padded c a r r y i n g  bag w i t h  w a i s t  and shoulder  s t r a p s .  

Th i s  User Manual. 

One Quick Guide (can be tucked i n  between t h e  padded bag and t h e  case) .  

One Un i ve rsa l  RS232 Ribbon Cable and Adapter 

One AP4 B a t t e r y  Charger. 

One 3; and one 54 i n  d i s k s  w i t h  da ta  re t r ieva .1  so f tware .  

One Consumables k i t  - paper pads, tape ,  500 g s i l i c a  g e l ,  s i l i c a  ge l  
tube,  cup s e a l ,  cup gasket ,  cup i n s e r t ,  two screws. 

OPTIONAL ACCES 
SORI €S 

One AP4 Spares K i t ,  t ype  PSKI, see l i s t  i n  Chapter 13 

E x t r a  AP4 Consumables K i t ,  t ype  PCKI. 

One barometer,  w r i s twa t ch  t ype  PBR1. 

Spare sensor head, t ype  PSHI. 

Spare AP4 re-chargeable b a t t e r y ,  t ype  PS51 

YOU WILL  ALSO NEED 

Access t o  a computer and/or p r i n t e r  back a t  t h e  l a b o r a t o r y  

Sc i sso rs  

White paper towe l  o r  t i s s u e  
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Unpacking and Insta  7 7at ion 

PACKING L I S T  

QUKU GVlOE 

. 

OPTIONAL ACCESSORIES '- - -. 

YOU WILL ALSO NEED 
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Sett ing up & shut t ing down 

SETTING UP 

Renew desiccant i f  pink (see Chapter 9 )  

Plug head u n i t  i n t o  chassis.  

Press ON 

Turn b lack LCD knob t o  op t im ise  the  con t ras t  on the  screen. 

Check d i sp lay  f o r  bat tery  low warning - recharge i f  necessary. 
( See Chapter 10.1) 

Check d i sp lay  f o r  avai lable  memory. I f  memory i s  low, someone was us ing 
the  AP4 and has l e f t  readings i n  it. To f r e e  up memory, e i t h e r  erase 
t h e  readings o r  output  them t o  a  p r i n t e r  o r  computer (See Chapter 6.4) 

SHUTTING DOWN 

Short term - s h u t t i n g  down f o r  l ess  than 2  weeks 

Press OFF bu t ton  twice.  

Place head and head cable i n  pocket provided. 

Z i p  up case. 

P ro tec t  from dust ,  humidi ty  g rea ter  than 50 %RH, smoke and organic 
so lvent  fumes and o ther  p o l l u t a n t s .  

Long term 

Charge ba t te ry .  Recharge b a t t e r y  every year o r  more f requen t l y  i f  
s t o r i n g  above 20°C (See Chapter 10.1) 

Pro tec t  from dust ,  humidi ty  g rea ter  than 80 %RH, smoke and organic 
so lvent  fumes and o ther  sulphurous p o l l u t a n t s .  
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S e t t  ing up & shut t ing down 

Setting up 
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How t o  drive the porometer 
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How t o  drive the porometer 

Before you d r i v e  a car ,  you need t o  know where t h e  c o n t r o l s  are, and 
what they do. The AP4 i s  conceptual ly  s i m i l a r .  Cont ro ls  a re  provided 
t o  navigate through the  menus, whereby you s e l e c t  and a c t i v a t e  t h e  
programs which c o n t r o l  t h e  behaviour o f  t h e  porometer. 

We begin w i t h  a d e s c r i p t i o n  o f  t h e  layout ,  then inspect  each c o n t r o l  i n  
d e t a i l .  The Chapter ends w i t h  maps showing a l l  t he  journeys you can 
take through the  software. Un l ike  a car  journey, no th ing  d r a s t i c  w i l l  
happen i f  you press the  wrong but ton.  So f e e l  f r e e  t o  jump t o  t h e  next  
Chapter "How t o  take readings" and l ea rn  by t r i a l  and e r r o r  i f  you wish. 

CONTENTS 

W LAYOUT 
The Porometer head u n i t  
The L i d  
The Display 
The Keyboard 

I CONTROLS 

ON/OFF 
HELP 
E X I T  
GO 
> > 
SHIFT OFF 
S ET 
+ & -  

I MENU NAVIGATION 

Beginners 
Advanced 
Se t t i ngs  op t ions  
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Layout 

THE POROMETER HEAD UNIT 

Examine the  head u n i t .  I t  i s  l i k e  a l a rge  c lo thes  peg, f o r  c l i p p i n g  
onto leaves. I d e n t i f y  t he  shiny mi r ro red sur face o f  t h e  RH sensor 
i n s i d e  t h e  cup. It i s  q u i t e  f r a g i l e  and i s  a l so  e a s i l y  damaged by 
organic so lvents .  Next t o  it i s  a microchip the rm is to r ,  no b igger  than 
a p i n  head. Opposite t h e  cup a second microchip the rm is to r  i s  bur ied  i n  
t h e  t rans lucen t  f l e x i b l e  s i l i c o n  rubber pad. These measure t h e  cup and 
l e a f  temperatures respect ive ly .  

One c o n t r o l  bu t ton  i s  mounted on t h e  head, next  t o  t h e  l i g h t  sensor. 

The cable attached t o  the  head conta ins a tube f o r  a i r  as w e l l  as s igna l  
wi res.  The t u b i n g  plugs i n t o  t h e  conta iner  o f  s i l i c a  ge l  desiccant  
c r y s t a l s ,  loca ted  i n  t h e  pocket t o  t he  l e f t  o f  t h e  keyboard. 
These should be blue. The cable plugs i n t o  the  head socket on the  l e f t  
o f  t h e  keyboard. 
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Layout 

THE HEAD UNIT 
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Layout 

THE L I D  

The r e s t  o f  t h e  c o n t r o l  keys a re  push bu t t ons  c l u s t e r e d  around t h e  
d i s p l a y  panel on t h e  l i d .  The most f r e q u e n t l y  used keys a re  d u p l i c a t e d  
around bo th  s i des  o f  t h e  l i d ,  t o  h e l p  bo th  l e f t  and r ight -handed people.  

The most impor tan t  and u s e f u l  bu t t on ,  GO, i s  a l s o  found on t h e  porometer 
head. It does no t  ma t t e r  which one you use. 

THE DISPLAY 

The main menu i s  d i sp l ayed  across t h e  bottom o f  t h e  screen when t h e  
porometer i s  t u rned  on. Users f a m i l i a r  w i t h  menu d r i v e n  computer 
programs should  f i n d  t h e  s e l e c t i o n  and a c t i v a t i o n  o f  p a r t i c u l a r  o p t i o n s  
t o  be f a i r l y  i n t u i t i v e .  Opt ions a.re se l ec ted  and a c t i v a t e d  us i ng  t h e  
> >  and GO keys descr ibed  below. 

You can a d j u s t  t h e  c o n t r a s t  w i t h  t h e  LCD knob. 

THE KEYBOARD 

The s tandard QWERTY keyboard on t h e  case o f  t h e  porometer does no t  
c o n t r o l  t h e  porometer a t  a l l .  It i s  j u s t  used f o r  adding o p t i o n a l  notes 
t o  readings,  and f o r  e n t e r i n g  t h e  t i t l e s  o f  groups o f  read ings.  

Below t h e  keyboard, f rom l e f t  t o  r i g h t ,  a re  l oca ted  t h e  socket  f o r  t h e  
head lead ,  a  c o n t r o l  knob t o  a d j u s t  t h e  screen c o n t r a s t ,  an i n p u t  socket  
w i t h  a  red l i g h t  f o r  t h e  b a t t e r y  charger ,  and an RS232C s e r i a l  i n t e r f a c e  
socket  f o r  sending da ta  t o  a  p r i n t e r  o r  computer. 
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Layout 

L l d  c o n t r o l s  and Keyboard SELECT 

SETTINGS 
S & % € €  N 

I N C F E R S  

OE CREASE 

SCROLL ]NEXT OPT\Od 
CONTROL 

? ANE L 
RCCEPT / 60 

/ I  I / I LCD U. 1 

( A d d \  \N VERSE W E 0  

I W \LL BE SELECTED \ 
\F You PRESS W 
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Contro 7 Keys 

ON KEY 

OFF KEY 

The ON and OFF key t u r n  t h e  instrument on and o f f .  

Press OFF t w i c e  t o  t u r n  o f f .  

See a l s o  : 

Warnings: Chapter 2 
S e t t i n g  up and s h u t t i n g  down : Chapter 4 
B a t t e r y  care and recharging : Chapter 10.1 

HELP KEY 

The HELP key prov ides contex t -sens i t i ve  in fo rmat ion  on what t o  do next.  
Up t o  7 screens o f  he lp  may be provided. 

Press HELP again t o  read t h e  next screen. 

Press any o the r  key t o  r e t u r n  t o  t h e  program. 

EXIT KEY 

The EXIT key i s  used t o  leave a menu wi thout  s e l e c t i n g  any op t i on .  The 
program r e t u r n s  t o  t h e  next  h igher  menu l e v e l .  

Use it t o  go backwards. 

Page 18 



Con t ro  7 Keys 

The GO key i s  d u p l i c a t e d ,  f o r  l e f t  and r ight -handed people,  on 
bo th  s i d e s  o f  t h e  l i d  d i s p l a y .  The l a r g e r  b u t t o n  on t h e  porometer head 
i s  a l s o  a  GO key. 

It i s  an a c t i o n  key, caus ing t h e  execu t i on  o f  t h e  se lec ted  o r  
d e f a u l t  menu o p t i o n .  

Examples : ACCEPT a  menu o p t i o n  
DO a  suggested command 
START a  read ing  
STORE a  read ing  

The meaning o f  t h e  GO key i s  con tex t  s e n s i t i v e .  

D u r i n g  r e a d i n g s ,  t h e  o p t i o n s  o n  t h e  d i s p l a y  w i l l  c y c l e  
s e q u e n t i a l l y .  

Exarnpl e  : 1 USER l POROMETER 

I ACTION I ACTION / DISPLAY 

- 
Press ON 
Press GO 
I n s e r t  l e a f  
Press GO 
Wait 
Press GO 
Press GO 

wake up 
s e l e c t  READ loop  
w a i t i n g  
START read i ng 
con t  i nues 
ACCEPTS read i  ng 
STORES r e s u l t  

OFF 
M A I N  MENU 
INSERT LEAF 

R E A D I N G  CYCLE 

STORE READING 
INSERT LEAF 

THIS PERMITS ONE-HANDED OPERA TION OF THE POROMETER 

A t  any s tage o t h e r  o p t i o n s  can be se lec ted  v i a  t h e  > >  key 
o r  t h e  p rev ious  menu can be se lec ted  v i a  t h e  EXIT key 

I f  a t  any s t a g e  t h e  poromete r  t h i n k s  t h a t  i t  i s  t i m e  t o  
r e c a l i b r a t e  i t  w i l l  remind you w i t h  a  f l a s h i n g  d i s p l a y .  Th i s  can occur 
a f t e r  a  l ong  i n t e r v a l  s i nce  t h e  l a s t  c a l i b r a t i o n ,  a f t e r  a  l a r g e  s h i f t  i n  t h e  
cup temperature o r  i f  t h e  r e l a t i v e  hum id i t y  c y c l i n g  s e t  p o i n t  i s  
a l t e r e d .  You can choose t o  ignore  i t  i f  you wish,  bu t  t h e  accuracy may 
s u f f e r .  
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Cont ro 7 Keys 

I > >  I SCROLL KEY 

The s c r o l l  key can be used t o  s tep  through a l l  t h e  a v a i l a b l e  op t i ons  on 
t h e  screen. 

Use it t o  move about t h e  screen 

Examp le SCREEN DISPLAY 

PRESS 
CALIBRATE REVIEW OUTPUT 

L REVIEN OUTPUT 1 
nex t  o p t i o n  
i d e n t i f i e d  

1 1 SHIFT OFF (together) 

Beginners can i gno re  t h i s .  

Use t h i s  when r e p l a c i n g  t h e  AP4 head. 
It g i ves  access t o  t h e  "Conf igure AP4 Head Screen". 
Use i t t o  i n s t a l l  t h e  app rop r i a te  c a l i b r a t i o n  f o r  a  new l i g h t  sensor and 
t o  zero  t h e  e l e c t r o n i c  c i r c u i t  which measures t h e  lea f -cup  temperature 
d i f f e r e n c e .  

See a l s o  : 
L i g h t  sensor c a l i b r a t i o n  : chapter  10.8 
Thermis to r  c a l i b r a t i o n  : chapter  10.10 

Accessing t h e  SET SCREEN w i l l  d i s p l a y  t h r e e  head c a l i b r a t i o n  
c o e f f i c i e n t s ,  used t o  cha rac te r i se  water absorp t ion  i n  t h e  cup. These 
a re  a u t o m a t i c a l l y  used t o  c a l c u l a t e  t h e  r e s u l t s .  Only t h e o r e t i c i a n s  
and o t h e r  expe r t s  w i l l  be i n t e r e s t e d  i n  t h i s .  

See a l s o  : 
How t h e  r e s u l t s  a re  c a l c u l a t e d  : chapter  1 1 . 2  
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Con t ro 7 Keys 

SET KEY 

The SET key i s  used t o  s e t  o r  change d e f a u l t  va lues.  I t  i s  
con tex t - sens i t i ve ,  and depends on which menu i s  a c t i v e .  

Ex amp 7 e 
BEFORE 

AFTER 

1 CALIBRATE REVIEW OUTPUT 

I CLOCK SETTINGS 

Date : 8/21/90 
Format : mth/day/yr 

Time : 12:38 
Format : 24 hour 

See a l s o  
Menu n a v i g a t i o n  : advanced, Chapter 5.3 
Table o f  s e t t i n g s  op t i ons ,  Chapter 5.3 

1 PLUS KEY 

MINUS KEY 

The p l u s  and minus key a re  used t o  change d e f a u l t  s e t t i n g s .  

Examp7e : To change t h e  da te  

I press ON I Wakes / M A I N  MENU 

USER 

ACT I O N  

- 

I I Day o f  month shown i n  i nve rse  v ideo  

POROMETER 

l I 

1 Press + l Day o f  month increments 

ACTION 

as l eep 

Press SET 

DISPLAY 

o f f  

CLOCK SETTINGS 

Page 21 

l 

Press GO Accepts change r e t u r n s  t o  M A I N  MENU 



Menu navigat ion 
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Menu nav igat ion 

INTRODUCTION 

The porometer i s  c o n t r o l l e d  by sof tware v i a  t h e  command keys. Contro l  
i s  exer ted by s e l e c t i n g  between opt ions  i n  menus. These opt ions  
i n d i c a t e  courses o f  ac t i on .  Sometimes you are  given more than one 
choice :- eg READ, CALIBRATE, REVIEW, o r  OUTPUT. Some places on l y  g i ve  
one choice, eg START. 

The map o f  a l l  poss ib le  courses o f  a c t i o n  i s  shown i n  the  beginners'map 
on page 24. 

Use t h i s  t o  f i n d  your way around. 

Behind most o f  t he  "ac t i on "  screens i s  a " s e t t i n g s "  screen. I t ' s  where 
you go t o  check o r  change most d e f a u l t  s e t t i n g s  and opt ions.  A 
composite map i n c l u d i n g  these i s  shown i n  the  advanced map on page 25. 
I t  i s  a l s o  on the  laminated p l a s t i c  Quick Reference Guide. 

A t a b l e  o f  s e t t i n g s  op t ions  summarises what you can change. 

CONTENTS 

U Beginners' map 

I Advanced users'  map 

U Se t t i ngs  op t ions  
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Menu na v iga t ion 

SETTINGS OPTIONS 

PATH ITEM OPTIONS 

M A I N  MENU/SET Date DAY 1-3 1 
MONTH 1-12 
YEAR 0-99 
nion tt-r/da y / y r  

o r  day/mon t h/yea r 
0-24: 0-60 
12 hour 
24 hour 

Date format  

Time 
Time Format 

READ/INSERT LEAF Set RH 
Leaf 
P1 an t  
Group 

5 - 80 
1 - 255 
I - 255 
0 - 16 cha rac te r s  

0 - 16  cha rac te r s  
0 - 5 cha rac te r s  
0 - 5 cha rac te r s  

Output t i t l e  
" P l a n t "  name 
"Lea f "  name 

READ/INSERT LEAF/SET 

READ/READINGS CYCLE/SET 
and a l s o  CALIBRATE/ 
CALIBRATION CYCLE/SET 

READ/READINGS CYCLE/SET 
and a l s o  CALIBRATE/ 

INSERT PLATE/SET 

U n i t s  

Pressure 

cm S - '  

mm S - '  

m2 S mo7-1 
S cm - 7 

S m - 1  

mm01 m - 2  S - '  

600 t o  1200 hPa (mbar) 

CALIBRATE/INSERT PLATE P o s i t i o n  
Set RH 

CUP t y p e  
0 rde r 

U n i t s  & Pressure 

s l o t t e d  o r  c i r c u l a r  
1 t o  6 o r  6 t o  1 
as above 

OUTPUT/OUTPUT READINGS From group 

OUTPUT/OUTPUT READINGS/SET 

SHIFT KEY & OFF t oge the r ,  
use when i n s t a l l i n g  head 

send as 
P a r i t y  
Data b i t s  
Stop b i t s  
Handshake 

CSV o r  t e x t  
odd, even o r  none 
87 7 
1 ,  2 .  
hardware o r  none 

L i g h t  sensor 
Thermis to r  

0.00 t o  9.99 (0.45 t y p i c a l )  
For s e t t i n g  zero o f f s e t  
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How to take readings 

This sec t i on  exp la ins  how t o  take  readings, how t o  c a l i b r a t e ,  and how t o  
review, output  and p r i n t  r e s u l t s .  

CONTENTS 

I Preparation 6 .1  

I A typica l  measurement session 6.2  

I How t o  READ i e  measure a l e a f  6 .3  

I How t o  CALIBRATE the porometer 6 .4  

I How t o  REVIEW the data 6 .5  

I How t o  OUTPUT t o  a p r i n t e r  o r  computer 6.6 

Beginners : Skip t h i s  sec t i on  (6 .1 ) .  Get out  there ,  take some 
readings and enjoy yourselves. 

Before running an experiment you should know what a porometer i s ,  what 
it i s  used f o r ,  and why you are us ing it. I f  not ,  do a smal l  p i l o t  
p r o j e c t .  Get and process some data before doing a b i g  p r o j e c t .  

Before t a k i n g  readings, run through t h e  f o l l o w i n g  :- 

Check the  warnings : Chapter 2.  

Check t h a t  you have every th ing  you need : Chapter 3. 

Are you f a m i l i a r  w i t h  t h e  con t ro l s?  : read Chapter 5 and p lay  w i t h  them. 

Check t h e  desiccant ,  b a t t e r y  and memory : Chapter 7 .  

Have you planned your experiment? : Chapter 7. 

Are you an expert? : Chapter 8. 

Do you know roughly how it works? : Chapter 11. 

Page 27 



A typ ica 7 measurement sess ion 

Check memory, 
b a t t e r y ,  and desiccant .  

Press t o  reset  c lock  & calendar, 
& t o  change format.  

Se lec t  -1 
Measure ambient %RH. 
Prepare c a l i b r a t i o n  p l a t e .  
I n s e r t  c a l i b r a t i o n  p l a t e  a t  1 s t  p o s i t i o n .  
Take reading. I s  it OK? 
I f  OK, accept it and measure next p o s i t i o n .  
Do a l l  6 pos i t i ons .  
I n s t a l l  c a l i b r a t i o n  data. 

Put l e a f  i n  head. 

Se 1 e c t  I START I 
The AP4 s t a r t s  t a k i n g  readings. 

t h e  reading. 

The AP4 stops t a k i n g  readings. 

Choose one o f  these opt ions .  

Repeat t h e  measurement o r  go on t o  the  next  l e a f  . 

PI t o  r e t u r n  t o  t h e  main menu. 

You can then REVIEW t h e  data. n 
F i n a l l y ,  data can be OUTPUT t o  a computer o r  p r i n t e r .  n 

Page 28 



How to read 

This sec t i on  describes how t o  take readings by d r i v i n g  t h e  porometer 
around t h e  READ loop, and what s e t t i n g s  can be changed. 

I Warnings 

I The reading loop 

I Changing t h e  s e t t i n g s  

I I n s e r t  l e a f  

I Reading cyc le  

I Store  readings 

WARNINGS 

Keep cup r e l a t i v e  humidity (RH) be7ow 80% i f  possib le.  

Avoid exposing the cup t o  organic solvents and smoke. 

Keep ca 1 i b r a t  ion p la te  c lean, avoid f i n g e r  grease. 

Remove excess water from paper pad before tap ing i t  t o  the ca 7 i b ra t  ion 
p l a t e .  

Reca 1 i b ra te  whenever the temperature changes by more than 5 "C.  

Reca 7 i b ra te  when changing RH set  po in t .  

Do not a 7 low ba t te ry  t o  remain discharged. 

Prepare and p7an your experiments : see Chapters 7 & 8.  

See also : 

To recharge b a t t e r y  : see Chapter 10.1 
To f r e e  memory : 6.6 
To renew desiccant : 10.4 
To t r o u b l e  shoot : 10.12 
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How t o  read 

THE READING LOOP 

Readings can be taken one handed. J u s t  press t h e  GO b u t t o n  on t h e  head. 

/ I n s e r t  l e a f  I Waits I 

YOUR 
ACTION 

Press ON 

Press GO 

Press GO 
w a i t  

Se lec t s  START o p t i o n  
S t a r t s  c y c l  i ng 

POROMETER 
ACTION 

Porometer wakes up 

Se lec t s  READ loop  

READING CYCLE 
updated w i t h  every  

read i ng 

DISPLAY 
T I T L E  

M A I N  MENU 

INSERT LEAF 

I Wait 4 o r  5 cyL les  I 
u n t i l  read ings a re  steady 
o r  u n t i l  double beep 

I Press GO 

Congr-atu 7at ions on t a k i n g  your  f i r s t  read ing !  

Stops c y c l i n g  and 
ACCEPTS l a s t  read ing  

STORES l a s t  read i  ng 
Loops back t o  beg inn ing  

o f  READ c y c l e  

CHANGING THE SETTINGS 

STORE READING 

r e t u r n s  t o  
INSERT LEAF d i s p l a y  

You a re  now a b l e  t o  t a k e  readings,  b u t  t h e r e  a re  checks and s e t t i n g s  t o  
t h i n k  about i f  you want t o  be accurate .  You a l s o  have o p t i o n a l  cho ices,  
such as what u n i t s  you want t h e  r e s u l t s  d i sp l ayed  i n  and what t i t l e s  t o  
use f o r  groups o f  da ta .  S e t t i n g  t h e  communications p r o t o c o l  w i t h  t h e  
p r i n t e r  o r  computer i s  a  cho ice  you must get  r i g h t .  

Up t o  now you have j u s t  used what we migh t  c a l l  " a c t i o n "  screen 
d i s p l a y s .  They always have a t  l e a s t  one o p t i o n  d i sp l ayed  on t h e  bottom 
l i n e ,  r ep resen t i ng  an a c t i o n  a c t i v a t e d  by t h e  GO bu t t on .  

Some o f  t h e  a c t i o n  screens have i n f o r m a t i o n  d i sp l ayed  i n  i nve rse  v ideo .  
Th i s  can be changed us i ng  t h e  t and - keys. Most a c t i o n  screens have a  
s e t t i n g s  screen behind them. You can b r i n g  them forwards w i t h  t h e  SET 
bu t t on .  Th i s  i s  where you go t o  change most o f  t h e  s e t t i n g s .  

Use t h e  > >  key t o  h i g h l i g h t  each o p t i o n  i n  t u r n ,  and change them w i t h  
t h e  + and - keys i n  t h e  normal way. Press HELP i f  you ge t  s t u c k .  

Opposi te you can see a  n a v i g a t i o n  map f o r  t h e  read c y c l e .  
See a l s o  t h e  laminated p l a s t i c  Quick Guide f o r  a  complete map. 
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How to read 

F igure  . . . .  Press GO t o  nav iga te  around t h e  reading l oop  

F igure  . . . N a v i g a t i n g  t h e  READ loop  

./ / 
% 

@ *EL- auqw& co?. 

PRESS T o  w w e  RRWNO XREEN 

PRESS B m T O  CHRh)l(rE SEV1NGS 

Page 31 
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How t o  read 

INSERT LEAF SCREEN DISPLAY 

The l e f t  hand box on t h e  d i s p l a y  r e f e r s  t o  what has changed s i nce  t h e  
AP4 was l a s t  r e c a l i b r a t e d .  When one o r  more o f  t h e  i tems f l a s h  it i s  
t ime  t o  r e c a l  i b r a t e .  

"RH :" shows t h e  d i f f e r e n c e  between t h e  c u r r e n t  s e t  p o i n t  and t h a t  
used a t  t h e  l a s t  c a l i b r a t i o n .  ( RH stands f o r  r e l a t i v e  hum id i t y ,  t h e  
porometer c y c l e s  around t h e  s e t  p o i n t ) .  The read ing  i s  d i sp l ayed  i n  
inverse ,  deno t ing  t h a t  t h i s  s e t t i n g  can be a l t e r e d .  

"Temp:" r e f e r s  t o  t h e  change i n  cup temperature s i nce  t h e  l a s t  
c a l i b r a t i o n .  The AP4 a u t o m a t i c a l l y  c o r r e c t s  f o r  changes i n  temperature.  
When t h e  d i f f e r e n c e  i s  t o o  b i g  t h e  porometer w i l l  keep on do ing  i t s  bes t  
f o r  you, b u t  t h e  d i s p l a y  w i l l  f l a s h  a  warning. 

Open t h e  head and wave i t  about t o  e q u i l i b r a t e .  The "Head RH"  read ing  
i n d i c a t e s  t h e  ambient RH. Us ing t h i s ,  change t h e  RH "Set" va lue  i n  t h e  
r i g h t  hand box. Use t h e  + and - keys t o  do t h i s  u n t i l  c l ose  t o  ambient. 
T h i s  w i l l  cause t h e  l e a s t  d i s t u rbance  t o  t h e  stomata, and min imise any 
e r r o r s  due t o  leakage between t h e  cup seal  and l e a f .  I f  t h e  pump comes 
on, p ress  + o r  -. Th i s  d i s a b l e s  t h e  pump u n t i l  you p ress  GO. 

R e c a l i b r a t e  when you change t h e  RH Set p o i n t .  

You may a l t e r  t h e  l e a f  and p l a n t  number i f  you wish.  Th i s  w i l l  never 
cause you t o  l ose  da ta .  The AP4 w i l l  a u t o m a t i c a l l y  increment t h e  l e a f  
number i f  you do no th i ng .  

The AP4 s t o r e s  readings i n  groups which you can name v i a  t h e  keyboard. 
Each group i s  a l s o  g iven  a  number which you cannot a l t e r .  
Example group names : Treatment, C o n t r o l .  

The AP4 w i l l  c r e a t e  a  new group number whenever you change one o r  more 
o f  t h e  f o l l o w i n g  : 'g roup '  name, ' p l a n t 7  name o r  ' l e a f 7  name 
and a l s o  u n i t s  o r  RH Set .  

READINGS SETTINGS SCREEN DISPLAY 

Press SET t o  access t h i s .  

I f  you w ish  you can change t h e  names o f  t h e  l a b e l s  used t o  i d e n t i f y  
groups and subgroups o f  read ings here.  T h e i r  use can be apprec ia ted  by 
s t udy ing  t h e  sample p r i n t o u t  o f  da ta ,  see t h e  sample p r i n t o u t  a t  t h e  
back o f  C h a ~ t e r  6 . 6  

To begin w i th ,  do add an output  t i t l e ,  bu t  do not  change t h e  name 
" p l a n t "  o r  " l e a f " .  

L a t e r  you migh t  want t o  change these  l a b e l s  t o  match t h e  way your 
samples a re  organised.  Any name o f  up t o  5 cha rac te r s  l ong  i s  OK.  Each 
read ing  i s  g iven  a  unique number by t h e  porometer anyway, and a l s o  you 
can add a  s h o r t  no te  a f t e r  each read ing .  Do no t  worry .  I t  w i l l  become 
c l e a r  l a t e r .  
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How to read 

INSERT LEAF 

Page 33 

TITLE. PF trlals Prlnted: 9/11/90 2:41 pm 

GROUP: beet - plot 5 Date : 9/11/90 Set RH: 50% Units: s/cm 
Press: 1000 hPa 

0 Time Plant Leaf Reslst. Cup 1 Cup-Leaf Llght Notes 

TYPICAL PRINT OUT 
-------------~-~-~~-----~-~~~~~~~~-~-~.-------------~~-~---~~-~~....~~......~ 

2:00 pm l 1 2.00 12.6 1.2 15 looks pretty rough 
2:01 p o ~  1 ? 2.98 12.2 1.1 45 wlndy agaln 
2:O: pm 1 3 2.80 11.8 0.7 40 



How t o  read 

READING CYCLE 

Readings a r e  d i s p l a y e d  on t h e  l e f t .  A b a r  graph shows t h e  percentage RH 
i n  t h e  cup. A t i c k  mark below t h e  s c a l e  i n d i c a t e s  t h e  s e t  p o i n t .  

I n s i d e  t h e  box on t h e  r i g h t  t h e  cup tempera tu re ,  l e a f - c u p  tempera tu re  
d i f f e r e n c e  - 6T, and t h e  RH a r e  d i s p l a y e d .  

T r y  t o  keep 6T < 1  " C  i f  p o s s i b l e  by a1 l o w i n g  t h e  l e a f  and cup t o  
t h e r m a l l y  e q u i l i b r a t e .  Wai t  f o r  t h e  r e a d i n g  t o  s t a b i l i s e .  The accuracy 
o f  r e s u l t s  a l s o  depends on any changes i n  t h e  cup tempera tu re  s i n c e  i t  
was l a s t  c a l  i b r a t e d ,  so r e c a l  i bt-ate f r e q u e n t l y .  

Automat ic  tempera tu re  c o r r e c t i o n  i s  i n c o r p o r a t e d  i n  t h i s  v e r s i o n  ( 2 )  o f  
t h e  s o f t w a r e .  See a l s o  : How t h e  R e s u l t s  a r e  Ca lcu la ted ,  c h a p t e r  11.2 

See H i n t s  and  Tips,  Chapter 8 ,  f o r  o u r  c o l l e c t i v e  wisdom on good 
exper imen ta l  t echn ique .  

CYCLE SETTINGS SCREEN DISPLAY 

T h i s  r e f e r s  t o  a  sma l l  loudspeaker .  When ON, i t  goes 
"Beep-beep" i f  two c o n s e c u t i v e  read ings  a r e  w i t h i n  2%. Combined w i t h  
t h e  use o f  t h e  GO b u t t o n  on t h e  porometer head t h i s  a l l o w s  you t o  
t a k e  and s t o r e  read ings  w i t h o u t  need ing t o  l o o k  a t  t h e  screen a t  
a l l .  

U n i t s  : S m - I  
S CM-l r e s i s t a n c e  
m2s mol-1 
mm S - 1  

cm S-l conductance 
mm01 m-'S-  l 

For  an e x p l a n a t i o n  o f  t h e s e  u n i t s  see Chapter 8.2 

P r e s s u r e  : hPa (mbar) 

I f  you have a  barometer ,  e n t e r  t h e  a c t u a l  p ressure .  I f  you do n o t ,  
do n o t  be alarmed. Pu t  i n  t h e  s tandard  p ressure  a t  your  a l t i t u d e  
above sea l e v e l .  Use 1000 hPA (mbar) a t  sea l e v e l .  Reduce t h i s  by 
100 hPa f o r  e v e r y  1000 m .  The r e s u l t s  w i l l  be re fe renced  t o  t h e  
p ressure  you have e n t e r e d .  R e c a l i b r a t e  i f  you change a l t i t u d e  by 
1000 m o r  more, o r  i f  t h e r e  i s  an extreme change o f  weather .  

See a l s o  Chapter 8.3 
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How t o  read 

READINGS CYCLE SCREENS 
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How t o  read 

STORE READINGS 

The box shows what i n f o r m a t i o n  w i l l  be saved w i t h  t h e  reading.  

Add a  no te  o f  up t o  30 charac te rs  t o  each reading i f  you wish. Th is  
cos t s  you memory, b u t  t h e r e  i s  l o t s  o f  i t. Do n o t  worry un less someone 
has been us ing  t h e  ins t rument  and l e f t  l o t s  o f  readings i n  it. 

See a l s o  : "How many readings t o  t ake "  and "Memory usage" i n  Chapter 7 .  

No t i ce  t h a t  t h e  l i g h t  sensor reading changes i f  you change t h e  l i g h t i n g .  
The o n l y  va lue  which w i l l  be saved i s  t h e  one e x i s t i n g  a t  t h e  i n s t a n t  when 
you press GO t o  s e l e c t  STORE. So p o s i t i o n  t h e  head t h o u g h t f u l l y  when 
you do t h i s .  

STORE SETTINGS SCREEN 

The l e a f  number a u t o m a t i c a l l y  increments by 1 every t ime  you s t o r e  a  
reading.  You can a l s o  change i t  manual ly i f  you wish, w i t h  t h e  + and - 
keys, i n  t h e  normal way. 

Increment t h e  p l a n t  number w i t h  t h e  + b u t t o n  when you change t o  another 
p1 an t .  

I f  you want t o  you can l a b e l  your p l a n t s  w i t h  these numbers. 

A c t u a l l y  you can l a b e l  and read your p l a n t s  i n  any o rde r  you l i k e .  Your 
AP4 j u s t  p r i n t s  t h e  number a long w i t h  t h e  r e s t  o f  t h e  da ta  f o r  t h a t  
l e a f .  You do n o t  have t o  s t a r t  a t  number 1 .  

Advanced Users 

P r o v i s i o n  has been made f o r  you t o  change t h e  name " p l a n t "  and " l e a f "  
on t h e  s e t  screen c a l l e d  "Readings S e t t i n g s "  a t  t h e  beg inn ing  o f  t h e  
READ loop.  You may use t h e  word " p l o t "  o r  some o the r .  
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How t o  read 

STORE READINGS SCREENS 

Page 37 



Ca 7 i b ra t  ion 

THE C A L I B R A T I O N  LOOP 

RERD CRL\BRWE REVIEW OUTPUT 
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Ca 7 ibrat ion 

This  sec t i on  covers how t o  c a l i b r a t e  t h e  porometer us ing  the  c a l i b r a t i o n  
p1 a te .  

I Preparat ion 

I The c a l i b r a t i o n  loop 

I I n s e r t  p l a t e  

4 C a l i b r a t i o n  cyc le  

I I n s e r t  p l a t e  (subsequent p l a t e  p o s i t i o n s )  

I I n s t a l  l c a l i b r a t i o n  

H Summary 
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Ca 7 ib ra  t ion - Prepa r a  t ion 

PREPARATION 

You need a C a l i b r a t i o n  K i t  compr is ing o f  :- 

C a l i b r a t i o n  P l a t e  i n  p l a s t i c  envelope 
Pack o f  f i l t e r  pads 
Tape 

You a l s o  need :- 

Sc i sso r s  
D i s t i l l e d  water  - 250 m1 should be more than  adequate 

( o n l y  a smal l  amount i s  needed 
t o  wet a f i l t e r  pad z 5 m1 ) 

T issue paper o r  b l o t t i n g  paper 

You may wish t o  use a barometer, such as t h e  w r i s twa tch -s t y l e  one which 
we can supply  as an accessory. Wi thout  i t  a 100 hPa (mbar) pressure 
change, o r  a 1000 m change i n  a l t i t u d e  w i l l  cause a 10 % e r r o r  i n  
measured res is tance .  I f  t h e  pressure does no t  change s i g n i f i c a n t l y  
between c a l i b r a t i o n  and measurement, then you can ge t  away w i t hou t  a 
barometer. See a l s o  page 34, and Chapters 8 . 2  8 8 .3  f o r  a d i scuss ion  o f  
how much and when i t  mat te rs .  
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Ca 7 i b ra t  ion - Preparation 

WETTING THE FILTER PAD 

Wet t h e  paper a l l  over  w i t h  d i s t i l l e d  water .  

Remove t h e  excess water  w i t h  b l o t t i n g  paper o r  absorbent t i s s u e  paper.  

Repeat two more t imes  w i t h  f r e s h  d r y  absorbent paper. 
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Cal ib ra t ion  - Preparation 

STICK DOWN THE PAD 

Place t h e  damp f i l t e r  paper on t h e  back o f  t h e  c a l i b r a t i o n  p l a t e  t o  
covet- a l l  t h e  c a l i b r a t i o n  ho les .  

Seal down w i t h  s t i c k y  tape .  

T r im loose tape  f rom t h e  edges. 

Smooth down t h e  tape  t o  remove any a i r  pockets .  

Return t h e  c a l i b r a t i o n  p l a t e  t o  i t s  p l a s t i c  z i ppe r - l ock  bag u n t i l  
needed. Th i s  w i l l  s low down t h e  r a t e  a t  which i t  d r i e s  o u t ,  and a l s o  
keeps i t  c lean .  I n  our  exper ience,  i n  t h e  U . K . ,  i t  has s tayed damp f o r  
t h r e e  days i f  kep t  i n  i t s  bag. 

P r o t e c t  t h e  p l a t e  from greasy f i n g e r s !  

Leave f o r  about 1 hour be fo re  c a l i b r a t i n g .  
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Ca 7 ib rat  ion 7oop 

CALIBRATION LOOP 

C a l i b r a t i o n  i s  s i m i l a r  t o  t a k i n g  r e a d i n g s  i n  t h a t  t h e r e  a r e  t h r e e  
s t a g e s ,  I n s e r t  P l a t e ,  C a l i b r a t i o n  c y c l e  and I n s t a l l .  The program 
a u t o m a t i c a l l y  keeps t r a c k  of where you a r e .  I t  w i l l  l e a d  you t h r o u g h  
t h e  measurement of a l l  s i x  p o s i t i o n s  on t h e  c a l i b r a t i o n  p l a t e  b e f o r e  
a s k i n g  you whether  t o  i n s t a l l  t h e  new c a l i b r a t i o n .  
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INSERT PLATE 

T h i s  i s  t h e  t i t l e  o f  t h e  f i r s t  a c t i o n  screen d i s p l a y  which appears 
when you s e l e c t  CALIBRATION f rom t h e  main menu. 

The r i g h t  hand column shows t h e  c a l i b r a t i o n  p l a t e ' s  t r u e  ( t h e o r e t i c a l )  
va lues  a d j u s t e d  t o  t h e  c u r r e n t  cup tempera tu re  and t h e  d e f a u l t  o r  s e t  
a tmospher ic  p ressure .  Next t o  i t  i s  an empty column f o r  read ings .  

P o s i t i o n  : 1 i n d i c a t e s  t h a t  t h e  c a l i b r a t i o n  p l a t e  shou ld  be p o s i t i o n e d  
so t h a t  f i  r s t  row o f  h o l e s  i s  measured. The row numbers a r e  moulded on 
t h e  s i d e s  o f  t h e  p l a t e .  Ensure t h a t  t h e  p l a t e  i s  s i t t i n g  snug ly  a g a i n s t  
t h e  cup s e a l .  The p o s i t i o n  i n d i c a t e d  can be changed w i t h  t h e  + o r  - 
key,  b u t  you do n o t  need t o  do t h i s  u n l e s s  you want t o  repea t  a  read ing .  

RH Head : i n d i c a t e s  t h e  a c t u a l  r e l a t i v e  h u m i d i t y  i n  t h e  cup.  

RH Set : i n d i c a t e s  t h e  f i x e d  v a l u e  t h a t  t h e  porometer w i l l  c y c l e  
a.bout . 

What t o  do 

S e l e c t  Set RH and p ress  + o r  - t o  t e m p o r a r i l y  d i s a b l e  t h e  pump. Open 
t h e  head and wave i t  about .  
Read t h e  Head RH t o  de te rm ine  t h e  ambient  RH. 
A d j u s t  t h e  Set RH v a l u e  w i t h  t h e  t o r  - key t o  be c l o s e  t o  ambient .  
Press SET t o  c a l l  up and change any o f  t h e  d e f a u l t  v a l u e s  on t h e  
s e t t i n g s  screen ( see below ) .  
Press GO o r  EXIT t o  r e t u r n  t o  t h e  INSERT PLATE screen. 
I n s e r t  t h e  p l a t e  a t  t h e  p o s i t i o n  i n d i c a t e d .  
Press GO t o  START c y c l i n g  and read ing .  

See Chapter 8 f o r  h i n t s  and t i p s  on good experimenta 7 technique.  

CALIBRATE SETTINGS 

Cup type : S l o t t e d  o r  c i r c u l a r  cups can be chosen. 
See a l s o  10.6 

Order : You can choose whether t o  go f rom c a l i b r a t i o n  p l a t e  
p o s i t i o n  1  t o  6  o r  f rom 6  t o  1  

Un i t s  

l r e s i s t a n c e  

conductance 
. l  

R e s u l t s  can e i t h e r  be g i v e n  i n  u n i t s  o f  r e s i s t a n c e ,  o r  i t s  
r e c i p r o c a l ,  conductance.  See T u t o r i a l  i n  Chapter 8.2 

Pressure: See page 34 and Chapter 8.3 
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Ca 7 i b ra  t ion loop 

CALIBRATION CYCLE 

The porometer i s  a u t o m a t i c a l l y  c y c l i n g  and t a k i n g  measurements o f  t h e  
t r a n s i t  t i m e .  T h i s  i s  t h e  t i m e  i t  t a k e s  t h e  c a l i b r a t i o n  p l a t e  t o  
r e l e a s e  enough m o i s t u r e  t o  r a i s e  t h e  cup RH by a  f i x e d  amount. Dry  a i r  
i s  t h e n  pumped t h r o u g h  t h e  chamber u n t i l  t h e  RH i s  a  few p e r c e n t  below 
t h e  s e t  p o i n t .  The c y c l e  r e p e a t s  u n t i l  you p ress  GO t o  ACCEPT t h e  l a s t  
read i ng . 

CYCLE SETTINGS 

B e e p i n g  : ON o r  OFF 

T h i s  r e f e r s  t o  a  sma l l  loudspeaker .  When ON, i t  goes 
"Beep-beep" i f  two c o n s e c u t i v e  read ings  a r e  w i t h i n  2%. 
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CALIBRATION CYCLE 
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INSERT PLATE ( f o r  subsequent p l a t e  p o s i t i o n s )  

A f t e r  choos ing  ACCEPT i n  t h e  f i r s t  c a l i b r a t i o n  c y c l e  r u n  you 
a u t o m a t i c a l l y  r e t u r n  t o  t h e  INSERT PLATE screen.  The r e a d i n g  you have 
j u s t  accepted i s  d i s p l a y e d  i n  t h e  r e s u l t s  column. It w i l l  have been 
a u t o m a t i c a l l y  c o n v e r t e d  f r o m  t i m e  t o  r e s i s t a n c e  o r  conductance u n i t s .  

You may a l s o  n o t i c e  t h e  c o r r e s p o n d i n g  t r u e  c a l i b r a t i o n  p l a t e  v a l u e  
updated i n  t h e  r i g h t  hand column. It d i s p l a y s  t h e  t h e o r e t i c a l  v a l u e  
t r u e  a t  t h e  cup tempera tu re  a t  wh ich  t h e  r e a d i n g  was t a k e n .  

The l e f t - h a n d ,  r e s u l t s  column, i s  a  measured v a l u e  based on t h e  p r e v i o u s  
c a l i b r a t i o n .  T h i s  may have been done some t i m e  ago - wh ich  may be t h e  
reason you a r e  r e c a l i b r a t i n g .  Do n o t  w o r r y  about  t h e  l o g i c  o f  t h i s  
r i g h t  now, it w i l l  g e t  s o r t e d  o u t  as we go a l o n g .  

It does n o t  mattet- ,  a t  t h i s  s t a g e ,  i f  t h e s e  two r e a d i n g s  a r e  w i l d l y  
d i f f e r e n t .  Wa i t  u n t i l  you have worked t h r o u g h ,  o r  a t  l e a s t  a t tempted  t o  
work t h r o u g h ,  a1 l 6 p l a t e  p o s i t i o n s ,  and t h e n  accepted t h e  c u r v e - f i t  
o p t i o n  (wh ich  w i l l  appear l a t e r ) .  A f t e r  t h a t  t h e  r e s u l t s  w i l l  be 
r e c a l c u l a t e d  u s i n g  t h e  c u r r e n t  measured t r a n s i t  t i m e s  and t h e o r e t i c a l  
p l a t e  v a l u e s  as d a t a .  The two s e t s  o f  r e a d i n g s  s h o u l d  t h e n  match q u i t e  
c l o s e l y .  Wa i t  u n t i l  t h e n  b e f o r e  d e c i d i n g  whether you need t o  redo any 
c a l  i b r a t i o n  r e a d i n g .  

So f o r  now, r e - i n s e r t  t h e  c a l i b r a t i o n  p l a t e ,  a t  t h e  n e x t  p o s i t i o n ,  and 
r e t a k e  t h e  r e a d i n g  as b e f o r e .  

Repeat t h i s  u n t i l  a l l  s i x  p o s i t i o n s  a r e  done. 

A f t e r  f o u r  c o n s e c u t i v e  p o s i t i o n s  t h e  F I T  CURVE w i l l  appear .  I g n o r e  t h i s  
o p t i o n  u n t i l  you have done a l l  6 p o s i t i o n s ,  t h e n  accep t  i t .  Beg inners  
s h o u l d  a lways go f o r  a l l  6 read ings .  On ly  accep t  l e s s  i f  you a r e  f o r c e d  
by c i r cums tances  - f o r  i n s t a n c e  i f  a  r e a d i n g  i s  f a r  t o o  s low.  The 
e x p e r t s  may c u r v e - f i t  on l e s s  t h a n  s i x  p o s i t i o n s  i n  s p e c i a l  
s i t u a t i o n s .  T h i s  i s  d i scussed  i n  g r e a t e r  d e t a i l  i n  t h e  advanced 
t u t o r i a l  i n  c h a p t e r  8 .  
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INSTALL CALIBRATION 

A f t e r  you s e l e c t  F I T  CURVE t h e  AP4 accep ts  t h e  l a s t  r e a d i n g  a t  t h e  l a s t  
p l a t e  p o s i t i o n ,  and w i t h  t h e  r e a d i n g s  f r o m  a l l  t h e  o t h e r  p o s i t i o n s ,  i t  
c a l c u l a t e s  t h e  new c a l i b r a t i o n  c o n s t a n t s  f o r  t h e  cup. 

The new c a l i b r a t i o n  i s  t h e n  used t o  r e c a l c u l a t e  t h e  measured v a l u e s  i n  
t h e  l e f t - h a n d  r e s u l t s  column. Now i s  t h e  t i m e  t o  compare t h e  measured 
and t r u e  v a l u e s  i n  t h e  l e f t  and r i g h t  columns. Look f o r  g l a r i n g  
d i s c r e p a n c i e s  wh ich  m i g h t  i n d i c a t e  a  p o s s i b l e  e x p e r i m e n t a l  e r r o r  on one 
o f  t h e  p l a t e  p o s i t i o n s .  

To h e l p  you d e c i d e  whether you l i k e  t h e  q u a l i t y  o f  t h e  new c a l i b r a t i o n  
d a t a ,  t h e  porometer  c a l c u l a t e s  a  s t a t i s t i c a l  e s t i m a t e  o f  t h e  average 
e r r o r  o v e r  a l l  t h e  r e a d i n g s .  

I t  i s  d e f i n e d  as f o l l o w s  : 

1 

1 ( r - r r  X 100 % 

l 

where rt t r u e  o r  t h e o r e t i c a . 1  p l a t e  r e s i s t a n c e  
r m  measured p l a t e  r e s i s t a n c e  
N = number o f  p o s i t i o n s  used. 

On t h e  porometer  sc reen  t h i s  i s  c a l l e d  t h e  c u r v e  e r r o r .  A f u l l e r  
d e s c r i ~ t i o n  i s  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  r e s i d u a l  e r r o r s .  

T h i s  f i g u r e  i s  u s e f u l  when c a l i b r a t i n g  t o  check t h a t  t h e  c a l i b r a t i o n  r a n  
OK. I f  t h e  e r r o r  i s  5% t h e n  go ahead and INSTALL i t .  I f  t h e  e r r o r  i s  
10 t o  15% t h e n  l o o k  up and down t h e  r e s u l t s  column and redo t h e  w o r s t  
r e a d i n g .  We quo te  t h e  porometer  t o  be a c c u r a t e  t o  t 20% once i t  i s  
a c c u r a t e l y  c a l i b r a t e d .  So t h e  spread on you r e a d i n g s  s h o u l d  be b e t t e r  
t h a n  t h i s .  

I f  t h e  e r r o r  i s  g r e a t e r  t h a n  10 % t h e  c u r s o r  w i l l  ( s u g g e s t i v e l y )  su r round  
t h e  REDO o p t i o n .  O the rw ise  i t  w i l l  suggest  you accep t  t h e  INSTALL 
o p t i o n .  When you do t h i s ,  i t  saves t h e  new c a l i b r a t i o n  s e t t i n g s .  

Things t o  do i f  the  curve f i t t i n g  e r r o r  i s  unacceptably l a rge  : 

I Redo c a l i b r a t i o n  on t h e  w o r s t  p l a t e  p o s i t i o n .  

I Ensure c a l i b r a t i o n  p l a t e  i s  p r o p e r l y  sea.ted a g a i n s t  t h e  cup, 
and p r o t e c t  i t  f r o m  t h e  wind.  

I Check t h e  CUD s e a l  i s  O K .  

I Check t h e  c a l i b r a t i o n  p l a t e  i s  c l e a n ,  m o i s t  and has had about  1  
hour  t o  s t a b i l i s e  s i n c e  i t  was l a s t  mois tened.  

I Check f o r  t h e r m i s t o r  damage. ( I s  t h e  6 T  e r r a t i c  o r  g r e a t e r  t h a n  
.5 C on t h e  sh i f t -OFF sc reen  when t h e  cup i s  i n  the rma l  e q u i l i b r i u m )  

See a l s o  t h e  adva.nced t u t o r i a l  i n  c h a ~ t e r  8 .  
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Calibration loop 

SUMMARY 

U Prepare c a l i b r a t i o n  p l a t e  ahead o f  t ime .  

I Leave i t  t o  s t a b i l i s e ,  i n  i t s  p l a s t i c  envelope, f o r  a.bout 1 hour.  

il Set RH c l o s e  t o  ambient. 

I Check o t h e r  s e t t i n g s : -  

Cup t ype  : s l o t t e d  o r  c i r c u l a r  
U n i t s  : r es i s t ance  o r  conductance 
Pressure : a c t u a l  ba romet r i c  pressure 

o r  average baromet r i c  pressure a t  your a1 t i  tude  
o r  leave i t  a t  1000 hPa (mbar) 

I I n s e r t  damp c a l i b r a t i o n  p l a t e  a t  p o s i t i o n  I .  
Ensure i t  f i t s  snug ly .  

I Press GO t o  s t a r t  t h e  read ing  

I Wait u n t i l  read ings a re  s t a b l e ,  then  press GO t o  ACCEPT it. 

I Move p l a t e  t o  nex t  p o s i t i o n  and repeat  u n t i l  a l l  6 p o s i t i o n s  a re  read. 

I S e l e c t  CURVE FIT.  The porometer then  f i t s  a  c a l i b r a t i o n  curve t o  t h e  
da ta ,  r e c a l c u l a t e s  t h e  r e s u l t s  and es t imates  t h e  e r r o r .  

I INSTALL i f  t h e  e r r o r  i s  l e s s  than  10% 

I Otherwise DISCARD and redo t h e  worst  r e s u i t .  
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Review 

REVIEW 

S e l e c t  R E V I E W  f rom t h e  M A I N  MENU. 

Use t h e  + and - keys t o  s t e p  th rough  t h e  da ta .  

No e d i t i n g  can be done, and no s e t t i n g s  changed w i t h i n  R E V I E W .  
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Output 

OUTPUT READINGS 

This section describes how t o  cutput  d a t a  t o  a computcr or p r i n t e r .  
We have provided a f a i r l y  un ive r sa l  plug 2nd adapter ,  and scme sof tware 
t c  download the data  t o  your computer.. 

CONTENTS 

I COMPUTER 

Fr-epari fig yx:r ccrnputer 
I n s t a l  l i ng  t h e  d a t a  r sc r - ieva !  so f twa re  
2i;rsr:ing the scftwar'e 
Xhat happens or) your canputcr  S::*-een 

Printing d i r e c t  La your c;!-inter- 
Control i i n g  the  AFd 
P r i n t e r -  w j l l  n c t  p r i n t  

7 1  E;A:;X ;<GTF; 
A!J4 FETRlF.;VK FOR WINDOWS SCFTWAHF, is now supp i i~?d .  
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Output 

CONNECTION 

Connect t h e  AP4's RS-232 o u t p u t  t o  t h e  RS-232 ( s e r i a l )  p o r t  o f  your 
computer o r  p r i n t e r .  Th i s  p o r t  should  have t h e  name COM 1 on your 
computer. 

WARNING : Do not connect it to a parallel port. I t  will not work 

Use t h e  r i bbon  cab le  t h a t  we supp ly  i f  p o s s i b l e .  

Th is  i s  compat ib le  w i t h  most PC, AT and XT computers and Epson-type 
p r i n t e r s .  

Use t h e  2 5  t o  9 p i n  adapter  i f  you have t o .  The I B M  PC/AT and some 
o the r  computers need i t  . 

OUTPUT READINGS 
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Output 

PREPARING YOUR COMPUTER 

You have t o  run a  program i n  t h e  computer i n  o rder  f o r  i t  t o  r e t r i e v e  
t h e  data.  Otherwise t h e  computer w i l l  no t  be ready and w i l l  j u s t  s i t  
t h e r e  f o r e v e r  con templa t ing  i t s  keyboard. We supply  a  program t o  do 
t h i s ,  c a l l e d  RETRIEVE.EXE 

The program, RETRIEVE.EXE, f o r  runn ing  on I B M  PC, AT o r  XT t ype  
computers, i s  supp l i ed  on bo th  3 s  and 5 i  i n c h  d i s k  fo rmats .  I t  
r e t r i e v e s  AP4 da ta  and w r i t e s  it t o  a  d i s k  f i l e  on your computer. 

INSTALLING THE DATA RETRIEVAL SOFTWARE 

Refer t o  your computer o r  DOS manual, i f  these s teps a re  no t  c l e a r  

Wr i t e -p ro tec t  t h e  o r i g i n a l  f l o p p y  d i s k .  

Copy RETRIEVE.EXE t o  a  f l o p p y  d i s k  o r  hard d i s k  sub-d i rec to ry .  

S to re  t h e  o r i g i n a l  f l o p p y  d i s k  i n  a  coo l ,  d r y ,  sa fe  p lace .  

RUNNING THE SOFTWARE 

Change t h e  c u r r e n t  d r i v e  and/or d i r e c t o r y  t o  where you want t h e  rece ived  
AP4 da ta  t o  be s to red .  

I f  a  copy o f  RETRIEVE.EXE i s  n o t  i n  t h e  c u r r e n t  d i r e c t o r y ,  it needs a  
PATH i n  AUTOEXEC.BAT t o  t h e  d r i v e / d i r e c t o r y  where it res ides  o r  you need 
t o  p r e f i x  RETRIEVE ( J  w i t h  t h e  PATH name, when s t a r t i n g  t h e  program. 

Type: RETRIEVE c-' t o  s t a r t  t h e  program. 

RETRIEVE norma l l y  rece ives  da ta  through t h e  computer 's COM1 s e r i a l  p o r t .  
To use COM2 ins tead ,  t ype :  RETRIEVE 2  t o  s t a r t  t h e  program. 

When RETRIEVE appears on t h e  PC screen, f o l l o w  t h e  i n s t r u c t i o n s  
d isp layed .  They lead you through t h e  s teps  necessary t o  w r i t e  AP4 da ta  
t o  a  d i s k  f i l e  on t h e  PC: 
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WHAT HAPPENS ON YOUR COMPUTER SCREEN 

The f i r s t  screen g i ves  i n s t r u c t i o n s  on how t o  connect & s e t  t h e  AP4: 

You have a  cho ice  o f  f i l e  fo rmat :  "CSV" o r  " t e x t " :  

Use "CSV" (Comma Separated Values) i f  you want t o  impor t  t h e  da ta  i n t o  a  
spreadsheet o r  o the r  program t h a t  recognises t h i s  format .  
"CSV" f i l e s  i n c l u d e  t h e  RH t r a n s i t  t imes  ( i n  ms), t h e  AP4's raw data.  

Use " t e x t "  i f  you want t o  j u s t  s t o r e ,  view o r  p r i n t  t h e  da ta  on t h e  
computer 's p r i n t e r .  "Tex t "  f i l e s  do no t  i n c l u d e  t h e  RH t r a n s i t  t imes .  

The ja rgon  i n  t h e  r i g h t  hand column r e f e r s  t o  t h e  RS232 set-ia.1 
i n t e r f a c e  parameters.  Beginners should  change no th ing .  J u s t  t r y  t h e  
d e f a u l t  s e t t i n g s .  The RETRIEVE so f tware  expects  t h e  AP4 t o  be s e t  
up as shown oppos i t e  on screen 1 .  I n  t h e  event  t h a t  someone has been 
t i n k e r i n g  w i t h  these - perhaps a  co l league  changed them t o  connect up a  
p r i n t e r  - then  you may have t o  change them back. See Setting t h e  RS232 
Parameters a t  t h e  back o f  t h i s  chapter  f o r  f u r t h e r  d e t a i l s .  

The second screen r e q u i r e s  you t o  e n t e r  t h e  name o f  t h e  d i s k  f i l e  f o r  
t h e  AP4 da ta .  A l i s t  o f  f i l e s  i n  t h e  c u r r e n t  d i r e c t o r y  i s  d isp layed .  

The t h i r d  screen t e l l s  you t o  s e l e c t  on t h e  AP4 which group o f  read ings 
t h e  t r ansm iss i on  should  s t a r t  f rom. 

When t r ansm iss i on  i s  s t a r t e d ,  t h e  number o f  by tes  o f  da ta  rece ived  a re  
d i sp l ayed  on t h e  PC screen, w h i l e  t h e  AP4 d i s p l a y s  a  bar-graph, showing 
t h e  percentage o f  t h e  readings t r a n s m i t t e d .  

The f o u r t h  RETRIEVE screen d i s p l a y s  con f i rma to r y  i n f o r m a t i o n  on t h e  f i l e  
r ece i  ved . 

Check t h a t  t h i s  i s  as e x ~ e c t e d .  

I f  t h e  f i r s t  l i n e  says " t r ansm iss i on  i n t e r r u p t e d " ,  o r  i f  t h e  da ta  format  
i s  "unknown", repeat  t h e  t r ansm iss i on  & check your cab le ,  s e r i a l  
parameters 8 handshaking. 
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To transfer data fron the W4 t o  a disk f i l e  proceed a s  follows: 

Connect W4 t o  PC se r i a l  port COnl 

I Fmn W4 liAIN IlENU se lec t  m and press 

Press ) and set W4 OUTPUT SETTINGS as belou: 

preferred 

OUTPUT SETTINGS: 

Fomat: m Baud rate: 9688 
Parity :euen 

Stop bits:  1 
Handshake : hard- 

A t  K keyboard press ta continue, or Esc to exit . .  0 

1 Enter nane of disk f i l e  (or press 

I 
Fi les  on default directory C:\MRTH\POLY\REIRIEUE 

~3~~ 3OffLY.CAL CS-41,CfiL HODATA RETlaPIX 
RETRIEUE.EXE RETAIEUE.PIX SPIUS1NG.W TESTAP4 

On W4 OUTPUT READINGS screen specify which group t o  s t a r t  output fr!n: 

I 

Press when ready. . 
Auaiting data from W4 

amor press 1 ESC 1 t o  ex i t  program 

bytes of data receiued ok 

Data format i s  m 
Data ur i t ten  t o  disk f i l e :  m 
on directory 

A t  K keyboard p- to retrieve another data f i l e . .  

or press I ESC I t o  ex i t  program 

P- -- - - 
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PRINTING DIRECT TO A PRINTER 

Connect t h e  AP4 t o  your  p r i n t e r  s e r i a l  p o r t  as d e s c r i b e d  above. 

Do not  connect i t  t o  a para 7 7e7 p o r t  

F i n d  o u t  i t s  R S 2 3 2  communicat ions parameters  

Set  i t  t o  o n - l i n e .  

I t  s h o u l d  now be ready t o  r e c e i v e  d a t a .  

CONTROLLING THE AP4 

Connect an R S 2 3 2  c a b l e  as d e s c r i b e d  above. 

S e l e c t  t e x t  f o r m a t  on t h e  OUTPUT SETTINGS sc reen  

Se t  t h e  communicat ions parameters  t o  match t h e  p r i n t e r ,  as d e s c r i b e d  
be low.  

Press  GO t o  accep t  t h e  o u t p u t  s e t t i n g s  and r e t u r n  t o  t h e  OUTPUT sc reen  

Here you can now o p t i o n a l l y  change t h e  number o f  t h e  f i r s t  group o f  d a t a  
b e i n g  s e n t .  

P ress  GO t o  SEND 

W h i l s t  t h e  d a t a  i s  b e i n g  s e n t  you can t e l l  t h e  porometer  t o  PAUSE 
t e m p o r a r i l y ,  GO w i l l  s t a r t  i t  a g a i n .  

You can a l t e r n a t i v e l y  d e c i d e  t o  d e l e t e  t h e  d a t a .  The s o f t w a r e  w i l l  ask 
you t w i c e ,  t o  p r e v e n t  m i s t a k e s .  

PRINTER WON'T PRINT? 

Check t h e  R S 2 3 2  parameters  a r e  s e t  c o r r e c t l y ,  see below. 

Check t h e  c a b l e  i s  p lugged i n  t o  t h e  c o r r e c t  ( s e r i a l )  s o c k e t  i n  t h e  
p r i n t e r .  

Check t h e  p r i n t e r  manual. 

Check t h e  ~ r i n t e r  i s  o n - l i n e .  

I f  i t  s t a r t s  t o  p r i n t  and t h e n  garbage appears ,  see Handshaking, below. 

I f  your  p r i n t e r  has a  c h o i c e  o f  P o s t s c r i p t  and something e l s e ,  do n o t  
use t h e  P o s t s c r i p t  o p t i o n .  I t  w i l l  n o t  work.  ( P o s t s c r i p t  i s  used i n  
desktop pub 7 i sh  / r ig)  
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TYPICAL PRINT OUT O F  DATA FROM THE AP4 

TITLE:  Garden p l a n t s  O u t p u t  : 21/05/91 12:19 pm 

GROUP 4 :  2 .19  e x e r c i s e s  Da te  : 21/05/91 S e t  RH: 45% U n i t s :  mmol/mA2/s 
P r e s s :  1000 hPa 

CALIBRATION: T ime : 10 :49  am Posn. ms Cup T  Cup-Leaf 
Da te  : 21/05/91 ........................... 

S e t  RH : 45% 1  11315 23 .4  0 . 0  
I n s e r t  : s l o t t e d  2  6804 23 .5  0 .2  
E r r o r s  : 5.0% 3  2127 23 .3  0 . 4  

4  7  7  7  23 .3  0 . 5  
5  437 23 .2  0 . 6  
6  297 23.7 1  . O  

T ime P l a n t  L e a f  Conduc t .  Cup T  Cup-Leaf L i g h t  N o t e s  

10 :52  am 1 1  1300 23 .1  0 . 1  475 
10 :53  am 1 2  81 .0  22 .8  0 . 6  40 t o p  o f  l e a f  
10:55 am 1 3  325 23 .3  - 0 .4  294 
10:56 am 1 4  740 22.7 0 . 8  292 n e t t l e  
10:58 am 1 5  51 .0  22.1 1  . O  208 d a f f o d i l  
10 :58  am 1 6  17 .4  22 .4  -0 .9  1670 g r a s s  

GROUP 5 :  2 . 1 9  p l a n t s ( r e s ) D a t e  : 21/05/91 S e t  RH: 45% U n i t s :  s/cm 
P r e s s :  1000 hPa 

Time P l a n t  L e a f  R e s i s t .  Cup T Cup-Leaf L i g h t  N o t e s  

0 .51  24 .4  1 . 3  1050 
1 .13  24 .0  1 .5  350 
0 .91  23 .8  1.7 244 
0 .88  23 .6  1 .7  252 g r e y  l e a v e s  
0 .61  22 .8  1 . 4  212 
0 .81  22.7 1 . 2  108 
0 .90  22 .5  1 . 1  182 
0 .92  22 .3  1  .l 87 n e t t l e  
0 .36  22 .1  0 . 6  390 g r a s s  
0 .36  22 .1  0 . 3  405 
0 . 3 9  21 .8  0 . 2  2  6  2  
0 .66  22 .1  - 0 . 5  1550 r a b b i t  f o o d  
0 .74  22 .4  -1 .9  1530 
11 .3  22.7 - 1 . 4  1230 t o p  s u r f a c e  

GROUP 6 :  2 .19  hse  p l a n t s  Da te  : 21/05/91 S e t  RH: 45% U n i t s :  s/cm 
P ress :  1000 hPa 

Time P l a n t  L e a f  R e s i s t .  Cup T  Cup-Leaf L i g h t  N o t e s  
................................................................................ 

11:45  am 1 1  79 .0  23 .3  - 0 .7  29 v a r g t d  l e a f  dummy r e a d i n g  
11:46 am 1 2  12 .6  23 .5  -1 .0  18 h e p t a l  ureum 
11 :48  am 2  1  4 .30  24 .0  -1 .1  8  5  
1 1 : 4 8 a m  2 2  8 .50  24 .5  - 1 . 2  2  9  
11 :49  am 2  3  7 .70  24 .6  - 1 . 1  69 m a r a n t  
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SETTING THE RS232 PARAMETERS 

The Baud r a t e ,  p a r i t y ,  number o f  da ta  b i t s  and s top  b i t s  need t o  have 
t h e  same s e t t i n g s  a t  t h e  AP4 and p r i n t e r .  

These s e t t i n g s  a re  changed i n  t h e  <SET> o p t i o n  under OUTPUT. 

Baud r a t e  : 300, 1200 o r  9600 

Both t h e  porometer and t h e  r e c e i v i n g  ins t rument  need t o  be s e t  up t o  
t h e  same r a t e .  I t  does no harm t o  t r y  ou t  a  va lue  t o  see i f  i t  
works. I f  these op t i ons  a re  no t  acceptable you w i l l  need t o  f i n d  
o u t  how t o  change these parameters on your p r i n t e r .  

P a r i t y  : none, odd o r  even 

Th i s  i s  an embel l ishment which i s  sometimes used f o r  checking f o r  
e r r o r s .  Data i s  sen t  as a  s t r i n g  o f  b i t s .  An e x t r a  b i t  can be 
added as p a r t  o f  an e r r o r  checking code. The terms odd and even 
r e f e r  t o  how t h e  e r r o r  checking code works. Sometimes r e c e i v i n g  
dev ices a re  s e t  up t o  expect t h e  p a r i t y  b i t  b u t  n o t  use it. Don' t  
worry  i f  t h i s  seems obscure. A l l  you have t o  do i s  ensure t h a t  your 
AP4 and t h e  p r i n t e r  a re  t he  same. 

Data b i t s  : 7 o r  8  

Seven b i t s  i s  t he  most popu la r  ( because you can represent  t h e  
e n t i r e  ASCII s e t  o f  128 charac te rs  w i t h  i t ) .  T ry  t h i s  f i r s t .  I f  i t  
does no t  work t r y  e i g h t .  

Stop b i t s  : 1  o r  2  

The s top  b i t  o r  b i t s  i s  a  t i d y  way o f  f i n i s h i n g  o f f  t h e  s t r i n g  o f  
b i t s  assoc ia ted w i t h  each charac te r .  I t  i s  use fu l  when t h e  da ta  i s  
t e m p o r a r i l y  i n t e r r u p t e d .  Again, bo th  machines need t o  match. 
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HANDSHAKING Read t h i s  on l y  i f  you get  s tuck .  

Handshaking enables a computer o r  p r i n t e r  t o  c o n t r o l  t h e  stream o f  da ta  
i t  rece i ves  f r om AP4's RS-232 ou tpu t .  I f  i t  cannot keep up w i t h  t h e  
da ta  f l o w  f rom t h e  AP4, i t  uses handshake s i g n a l s  t o  ask f o r  a h a l t  i n  
da ta  t r ansm iss ion .  Then, when ready f o r  more data,  i t  uses handshake 
s i g n a l s  t o  r e - s t a r t  t h e  AP4's t ransmiss ion.  

The OUTPUT, SET screen o f f e r s  handshaking op t i ons :  "hardware" o r  "none". 

Se lec t  "hardware" handshaking, so t h a t  t h e  computer o r  p r i n t e r  can 
c o n t r o l  t h e  da ta  f l o w ,  us ing  t he  AP4's CTS (C lear  To Send) handshake 
l i n e :  

A low vo l t age  ( a l s o  c a l l e d  1 o r  Mark) on CTS stops da ta  be ing  sent .  
A h i g h  CTS v o l t a g e  (0  o r  space) enables da ta  t ransmiss ion .  
The computer o r  p r i n t e r  au toma t i ca l l y  uses t h e  CTS l i n e  t o  manage t h e  
da ta  f l ow .  

Se lec t  "none" o n l y  i f  "hardware" handshaking causes some unforeseen 
problem. 

I f  "none" i s  se lec ted ,  t h e  AP4 da ta  i s  sen t ,  w i t hou t  i n t e r r u p t i o n .  
( a t  t h e  speed se lec ted  i n  t h e  "Baud r a t e "  o p t i o n )  
A t  9600 Baud, computers us ing  f l o p p y  d i s k s  may no t  keep up. 
I f  so, a "communication e r r o r "  w i l l  be i nd i ca ted .  
P r i n t e r s  a re  u n l i k e l y  t o  keep up & some da ta  w i l l  be l o s t ,  un less  t h e  
p r i n t e r ' s  i n p u t  b u f f e r  i s  l a r g e r  than t h e  amount o f  da ta  be ing  sen t .  

Jumper, J3, on t h e  main c i r c u i t  board (see below), s e l e c t s  whether 
t h e  CTS handshake l i n e  i s  connected t o  p i n  20 o r  p i n  4 o f  t h e  RS-232 
connector .  P i n  20 (J3 i n  p o s i t i o n  b,  as supp l i ed )  i s  most commonly 
requ i red .  I f  t h e r e  i s  a "communication e r r o r "  message o r  l o s s  data,  
then  t r y  moving J3 i n t o  i t s  "a"  p o s i t i o n .  The jumpers a re  on t h e  main 
c i r c u i t  board - see chapter  10.2 about opening t h e  AP4 case. 

Some unusual computers o r  p r i n t e r s  may r e q u i r e  another handshake l i n e  t o  
t e l l  them t o  be ready t o  rece ive  data.  I f  no da ta  i s  rece ived ,  when t h e  
AP4 i s  t o l d  t o  Send data,  and t h e  AP4's bar  graph remains a t  0%, f i r s t  
check your c a b l e  connect ions.  F a i l i n g  t h a t  t r y  moving jumper, J4 t o  t h e  
"a "  p o s i t i o n .  Th i s  causes t9V ( a l s o  c a l l e d  0 o r  space) t o  be asser ted  
on p i n s  5 ,  6 & 8 o f  t h e  25-way connector,  which should make t h e  computer 
o r  b r i n t e r  ready t o  r ece i ve  

SER IN , 6 5 -  
SERCUT: TxD , I 

GM) 

J2 

data. 

COMPUTER PR INTER 

D25 D25 D9 D25 
2 : 3 , 

28 4 DTR DTR 

CND 7 +cm 
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7 ,  PLANNXNG YOUR EXPERIMENT 

I Checks 

I How many readings? 

H Memory usage 

H Example p lan  

H How t o  c a l c u l a t e  ava i l ab le  memory 
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7 . 1  CHECKS 

Is t he  porometer ready? 

Check t h e  f o l l o w i n g :  

B a t t e r y  
l . i i e  

a l i b r a t i o r  
l i t  

C U P  
shape 

l u r n  or: 

Turn on 

Pocket i n  
c a s e  

Sensor 
head 

100% 63: to 1597 
read ings  

(depends on n o t e s )  

Piilk or  bl-ue? 

Do you have a l l  tlie 
b i t s ?  

C a l i b r a t i o n  p i a t e  
F i i t e r  pad 
Tape 
B l o t t i n g  pzper or  

t i s s ~ r e  
S c i s s o r s  
D i s t i l l e d  u a i e r  

Slot . ted a r  round 

G C T i O N  1 See a i s o  : Chapter 

l 
Recharge / B a t t e r y  : 10 

i f  '.ox a i 

O e i e t e o i  / O u i p u l :  60 
Output if j 'do6 aany 

1 read ings  : 7 
! 

Hener if 1 How to reneg 
pink , d e s i c c a n t  : 1 0 . 4  

1 
Refresh I How t o  
c a l i b r a t i o n  1 C a i i b r a t e  : 6 . 4  
p l a t e  with I 
d a ~ p  f i l t e r  

' 

p a p e i .  

S e i e c t  / lior l o  change 
cup : 10.3 

I 

Are you Ready? 

Check t h a t  you know t h e  f o l l o w i n g :  

I How t o  c a l i b r a t e ,  and when. 
U How t o  r e c o r d  and o u t p u t  t h e  data.  
I What you a r e  g o i n g  t o  measure and why. 
I What names you w i l l  use f o r  t h e  expe r imen t  

and t h e  groups o f  d a t a .  
I How many p l a n t s  and l e a v e s  p e r  p l a n t  you w i l l  measure. 
I How l o n g  i t  w i l l  t a k e ?  Do you have t i m e ?  

Is t h e  experiment ready? 

U I t  inay t a k e  a g row ing  season t o  g e t  ready.  
U Con tac t  a  s t a t i s t i c i a n ,  o r  g e t  a  good s t a t i s t i c s  book,  f o r  

a d v i c e  on how t o  ensure  t h a t  you r  r e s u l t s  a r e  s t a t i s t i c a l l y  
s i g n i f i c a n t .  
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7 . 2  HOW MANY READINGS TO TAKE 

You can t a k e  n e a r l y  1600 r e a d i n g s  w i t h  no a n n o t a t i o n s  added. T h i s  
p r o g r e s s i v e l y  reduces t o  632 r e a d i n g s  i f  you w r i t e  a  30 c h a r a c t e r  n o t e  
w i t h  e v e r y  r e a d i n g .  Un less  you a r e  Shakespeare t h i s  i s  u n l i k e l y  t o  
happen! B r o a d l y  speak ing ,  we t h i n k  you s h o u l d  be a b l e  t o  t a k e  r e a d i n g s  
f o r  a t  l e a s t  one day w i t h o u t  f i l l i n g  up t h e  memory. I f  you work h a r d  
you may s t a r t  r u n n i n g  o u t  i n  2  t o  3 days ,  assuming an 8 hou r  day.  

See How t o  ca 7cu7ate ava i  Table memory i f  you want t o  know e x a c t l y .  

7 .3  MEMORY USAGE 

The memory s i z e  i s  32,000 b y t e s .  

Each r e a d i n g  uses 20 b y t e s ,  w i t h  an o p t i o n a l  0  t o  30 b y t e s  overhead 
f o r  any a n n o t a t i o n  you add ( 1  keyboard  c h a r a c t e r  1 b y t e ) .  

The r e a d i n g s  a r e  k e p t  i n  g roups,  each w i t h  i t s  own o p t i o n a l  name o f  up 
t o  16 c h a r a c t e r s .  There  i s  a  f i x e d  0verhea.d o f  44 b y t e s  p e r  g roup.  

The main  t i t l e  can a l s o  be up t o  16 c h a r a c t e r s  l o n g .  

Each group i s  i d e n t i f i e d  by a  number, as i s  each p l a n t  and each l e a f .  
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7.4 EXAMPLE PLAN 

l e  o f  how you migh t  choose t o  p l a n  an exper iment .  

a t tempt  

Here i S an examp 

T i t l e  : My f i r s t  

Number o f  groups 
Group names w i l l  

Number o f  p l a n t s  
Number o f  leaves 

So, t o t a l  number 

= 4 
be : Treatment 1 ,  Treatment 2, Treatment 3 

& Treatment 4 
i n  each group 5 
p e r  p l a n t  5 

o f  read ings  4 X 5 X 5 = 100 

A t  one read ing  per  m inu te  expect  t o  t a k e  about 2  hours .  

Memo : remember t o  pack a d r i n k  and a jam sandwich. 

B a t t e r y  l i f e  20% ( say )  [ 100% % 20 hours  1 

[ This i s  a b i t  low - b e t t e r  recharge b a t t e r y  ] 

Free memory 20% (say)  

[Shou7d be OK f o r  126 readings a t  leas t ,  more i f  I keep down the  
annotat ion t o  a reasonable 7eve 7 .  Someone must have 7ef t  i n  a 70t o f  
data from las t  t ime.  Do they want i t  o r  can I de le te  i t  now?] 

Check des iccan t .  B lue?  OK,  b u t  p i n k  - rep lace .  

Check C a l i b r a t i o n  K i t  - see CHECKS above. 

I s  t h e  c a l i b r a t i o n  p l a t e  f r e s h ,  i e  r e c e n t l y  made up w i t h  damp f i l t e r  
paper? 

Are t h e  p l a n t s  ready? 

OK? ACTION! LET'S GO AND DO SOME SCIENCE! 
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7.5 HOW TO CALCULATE AVAILABLE MEMORY 

1 r e a d i n g  uses 20 b y t e s  

Ea.ch n o t e  uses 0  - 30 c h a r a c t e r s  = 0  - 30 b y t e s  

Each group o f  read ings  uses an a - d d i t i o n a l  44 b y t e s  ( independent  o f  t h e  
l e n g t h  o f  t h e  group name). 

Memory s i z e  = 32000 b y t e s  

Number o f  read ings  = a  X 32000 
- b x 4 4  

100 

where a  = % memory l e f t  

b  number o f  groups o f  data. 
= number o f  exper imen ta l  p l o t s ,  f o r  i n s t a n c e  

c  = average l e n g t h  o f  a n n o t a t i o n  ( 0  t o  30 c h a r a c t e r s )  

Example (1 )  

Given : No no tes  
1 group 

Then : Maximum number o f  read ings  = 32000 - 44 

- - 1597 r e a d i  ngs 

= 1 read ings  eve ry  18 seconds f o r  
8 hou I-S 

Example ( 2 )  

Given : 30 c h a r a c t e r s  o f  n o t e s  p e r  r e a d i n g  
1 6  groups o f  read ings  

Then : maximum number o f  read ings  = 32000 - ( 16 X 44 ) 

20 t 30 

= 625 read ings  

1 r e a d i n g  every  46 seconds 
f o r  8  hours .  

So i n  normal use t h e  AP4 shou ld  be a b l e  t o  cope w i t h  1 days '  d a t a  w i t h  
no ~ r o b l e m .  

Page 75 



Page 76 



8, TUTORIAL 

By now you should  be a b l e  t o  t a k e  readings,  c a l i b r a t e ,  rev iew and ou tpu t  
t h e  da ta .  But i t  takes  more t o  become an expe r t .  T h i s  nex t  s e c t i o n  
should he lp .  We hope so, anyway. 

I Hints  and t i p s  f o r  good experimental technique. 

R Explanation o f  resistance and conductance u n i t s .  

I Barometric pressure considerations. 

I Porometry and stomata. 
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I n  t r a n s i t  

The f i r s t  run o f  the day 

Choice o f  cup 

Leaf hand1 i ng 

Sens i t ive  stomata 

The cup-leaf seal 

Temperature management 

Leaf temperature 

Cup temperature 

Coping w i t h  very h igh resistances 

The l i g h t  sensor 

Cleaning the  sensor head 
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I N  TRANSIT 

Avo id  shocks and keep t h e  l i d  s h u t .  The padded c a r r y i n g  case w i l l  g i v e  
t h e  AP4 some measure o f  p r o t e c t i o n  when t r a v e l l i n g  t o  and f rom t h e  
f i e l d .  I t  i s  n o t  bomb-proof however and w i l l  n o t  n e c e s s a r i l y  save t h e  AP4 
i f  you d r o p  i t !  Keep t h e  z i p  f a s t e n e r s  done up.  They h o l d  t h e  AP4's 
l i d  s h u t  and h e l p  t o  reduce t h e  i n g r e s s  o f  d i r t  and d u s t .  

Avo id  h i g h  tempera tu res .  Leav ing t h e  AP4 i n  a  c l o s e d  v e h i c l e  i n  t h e  sun 
can e a s i l y  expose i t  t o  )50 'C .  L i k e w i s e  a v o i d  t h e  o p p o s i t e  ex t reme,  
where f a l l i n g  tempera tu res  c o u l d  l e a d  t o  dew o r  condensa t ion  f o r m i n g  on 
t h e  i n s t r u m e n t .  B r i n g i n g  a  c o l d  porometer  i n t o  a  warm greenhouse may 
a l s o  cause condensa t ion .  G ive  i t  t i m e  t o  e q u i l i b r a t e .  

THE F IRST RUN OF THE DAY 

Make up t h e  c a l i b r a t i o n  p l a t e  w e l l  ahead o f  t i m e .  Leave i t  i n  i t s  
p l a s t i c  w a l l e t ,  s t o r e d  i n  t h e  head p o c k e t  i n  t h e  AP4 case.  A f r e s h l y  
made up p l a t e  needs about  1  hour  t o  s t a b i l i s e .  I f  you do n o t  do t h i s  
t h e  measured r e s i s t a n c e  ( a f t e r  c a l i b r a t i n g )  may be i n  e r r o r  by 15%. 

A t  20'C and 50 % RH we found t h a t  t h e  c a l i b r a t i o n  p l a t e  w i l l  s t a y  f r e s h ,  
w i t h  i t s  measured r e s i s t a n c e  w i t h i n  i 5  % ,  f o r  s e v e r a l  days i n  i t s  
w a l l e t ,  and up t o  18 hours  o u t  o f  t h e  w a l l e t .  I t  w i l l  be s h o r t e r  a t  
h i g h e r  tempera tu res  and lower  RH'S. 

So make up t h e  p l a t e  t h e  day b e f o r e .  That  would a l s o  be a  conven ien t  
t i m e  t o  make s u r e  t h e  c o r r e c t  cup shape i s  i n s t a l l e d  i n  t h e  sensor head. 

When s t a r t i n g  up t h e  AP4, f i r s t  use i t  t o  measure t h e  ambient  RH. 
S e l e c t  t h e  c y c l i n g  l e v e l  n e a r e s t  t o  t h i s  RH, t h e n  l e a v e  t h e  
i n s t r u m e n t  t o  c y c l e  on one o f  t h e  c a l i b r a t i o n  p l a t e  p o s i t i o n s  f o r  
maybe 10 o r  15 m inu tes .  T h i s  g i v e s  t h e  cup t i m e  t o  a c c ! i m a t i s e  t o  t h e  
c u r r e n t  RH. D u r i n g  s t o r a g e  i t  may have been q u i t e  d i f f e r e n t ,  r e s u l t i n g  
i n  d i f f e r e n t  e q u i l i b r i u m  c o n c e n t r a t i o n s  o f  m o i s t u r e  i n  t h e  cup w a l l s .  

The c a l i b r a t i o n  run  can now be done w i t h  t h e  e x p e c t a t i o n  
t h a t  a  s t a b l e  r e a d i n g  w i l l  be o b t a i n e d  w i t h i n  a  few c y c l e s  o f  
chang ing t o  each new p l a t e  p o s i t i o n .  I t ' s  a  m a t t e r  o f  pe rsona l  
p r e f e r e n c e  whether you work t h r o u g h  t h e  c a l i b r a t i o n  p l a t e  f rom p o s i t i o n  
1  t o  6 ,  o r  i n  t h e  r e v e r s e  o r d e r  - i t  d o e s n ' t  a f f e c t  t h e  f i n a l  r e s u l t .  
The " 6  t o  1 "  l obby  say t h e  h i g h  r e s i s t a n c e  end, p o s i t i o n  1 ,  t a k e s  
l o n g e s t  t o  e q u i l i b r a t e ,  so do i t  l a s t .  The " 1  t o  6 "  l obby  say 
do t h e  s l o w e s t  r e a d i n g  f i r s t ,  i n  case i t  t a k e s  f o r e v e r .  A t  extreme 
c o n d i t i o n s ,  f o r  example 5 'C  and 80 %RH ambient  t h i s  may be a  problem. 
I t  r e a l l y  does n o t  m a t t e r  wh ich  one you choose. J u s t  w a i t  f o r  t h e  
r e a d i n g s  t o  s t a b i l i s e .  

The same c o n s i d e r a t i o n s  a p p l y  when t h e  ambient  RH changes. A l l o w  5 o r  
10 m inu tes  f o r  t h e  m o i s t u r e  i n  t h e  cup w a l l s  t o  reach i t s  new 
e q u i l i b r i u m  c o n c e n t r a t i o n  when you r e s e t  t h e  RH Se t  p o i n t .  You 
w i l l  know t h i s  when t h e  c a l i b r a t i o n  p l a t e  r e a d i n g s  a r e  s t a b l e .  

When c a l i b r a t i n g  you have t h e  o p t i o n  o f  c u r v e - f i t t i n g  a f t e r  you have 
o n l y  measured f o u r  p o s i t i o n s ,  b u t  we s t r o n g l y  recommend you always do 
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a l l  6 .  Only i n  s p e c i a l  s i t u a t i o n s  should  you accept l e s s  - f o r  ins tance  
i f  you f i n d  a  p l a t e  p o s i t i o n  which i s  imposs ib ly  s low, or- i f  you a re  
c e r t a i n  t h a t  t h e  range you a re  work ing i n  i s  ve ry  smal l  and w i l l  no t  
exceed t h e  s h o r t e r  c a l i b r a t i o n  range. 

Avoid l e a v i n g  t h e  c a l i b r a t i o n  pla. te ( o r  a  l e a f )  i n  t h e  head when 
i t  i s  n o t  c y c l i n g  (e .g .  when t h e  Main Menu i s  d i s p l a y e d ) .  The cup 
RH w i l l  r i s e  t o  a  h i g h  l e v e l ,  and i t  w i l l  t a ke  a  f u r t h e r  few 
minutes t o  s t a b i l i s e  when c y c l i n g  i s  resumed. 

CHOICE OF CUP 

Th i s  depends on t h e  shape, s i z e  and t e x t u r e  o f  l e a f  su r faces  you a re  
t r y i n g  t o  measure. The l e a f  must covet- t h e  whole o f  t h e  cup ape r t u re  - 
you can view t h e  cup th rough  t h e  rubber  pad t o  check t h i s .  I n  genera l ,  
t h e  s l o t t e d  cup i s  p r e f e r a b l e  because i t  covers a l a r g e r  area. Leaf 
stomata can be very  unevenly d i s t r i b u t e d .  

The o t h e r  c o n s i d e r a t i o n  i s  con tac t  between t h e  l e a f  and t h e  rubber sea l  
around t h e  cup r i m .  The c i r c u l a r  cup shape migh t  be b e t t e r  f o r  work ing 
between t h e  ve ins  o f  some leaves.  

LEAF HANDLING 

Wi th  t h e  p rospec t  o f  making hundreds o f  stomata1 measurements i n  a  
sess ion,  it i s  wo r t hwh i l e  t o  op t im i se  your techn ique  so t h a t  you t ake  
readings as q u i c k l y  as p o s s i b l e .  

I t  i s  g e n e r a l l y  b e t t e r  t o  accept a  read ing  a f t e r  f o u r  o r  f i v e  cyc l es  
even though some d r i f t  i s  s t i l l  apparent,  r a t h e r  than  hang on f o r  a  
p o s s i b l y  more accura te  read ing .  The double beep g i ves  you an i n d i c a t i o n  
o f  <2% change, bu t  you may p r e f e r  t o  o v e r r i d e  t h i s  as you ga in  
exper ience - o r  i f  you c a n ' t  s tand t h e  n o i s e !  I t  a l s o  f r e e s  you f rom 
watch ing t h e  d i s p l a y  con t i nuous l y .  

The o n l y  c a u t i o n  t o  t h i s  procedure i s  when t h e  new l e a f  temperature i s  
s u b s t a n t i a l l y  d i f f e r e n t  f rom t h e  p rev ious  one. You w i l l  p robab ly  see 
t h e  cup- leaf  6T moving, and you should  w a i t  u n t i l  i t  s t a b i l i s e s .  Th i s  
ve r s i on  ( 2 )  o f  t h e  AP4 a u t o m a t i c a l l y  compensa.tes f o r  non- isothermal 
c o n d i t i o n s ,  b u t  t h e  c o r r e c t i o n  w i l l  be i naccu ra te  i f  t h e  measured 6T i s  
l agg ing  behind t h e  t r u e  va lue .  

SENSIT IVE  STOMATA 

The stomata o f  a  few spec ies s t a r t  t o  c l o s e  r a p i d l y  as soon as t h e  l i g h t  
l e v e l  i s  reduced by a t t a c h i n g  t h e  sensor head. I f  success ive cyc l es  
g i v e  h i ghe r  and h i ghe r  r es i s t ance  readings,  t h i s  may be happening. 
Accept ing a read ing  a f t e r  t h e  second o r  t h i r d  c y c l e  i s  your o n l y  o p t i o n .  
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THE CUP-LEAF SEAL 

Leakage between t h e  cup s e a l  and t h e  l e a f  w i l l  l e a d  t o  e r r o r s  i f  t h e  
ambient  RH d i f f e t - S  much f r o m  t h e  c y c l i n g  RH l e v e l .  V a r i a b i l i t y  i n  
s u c c e s s i v e  c y c l e s  i s  t h e  usua l  symptom o f  t h i s .  A q u i c k  t e s t  i s  t o  
b r e a t h e  o v e r  t h e  sensor  head. The n e x t  r e a d i n g  w i l l  show a  c o n s i d e r a b l y  
l o w e r  r e s i s t a n c e  i f  t h e r e  i s  s i g n i f i c a n t  l eakage .  R e p o s i t i o n  t h e  senso r  
head t o  improve t h e  s e a l .  

TEMPERATURE MANAGEMENT 

One o f  t h e  more demanding a s p e c t s  o f  f i e l d  measurements ( o r  indeed t h o s e  
i n  g lasshouses )  i s  keep ing  t h e  senso r  head nea r  i s o t h e r m a l  c o n d i t i o n s  
( i . e .  a  c u p - l e a f  6T o f  O 'C)  w h i l s t  w o r k i n g  i n  s t r o n g  s u n l i g h t .  

I f  exposed t o  d i r e c t  s o l a r  r a d i a t i o n ,  t h e  sensor  head w i l l  h e a t  up 
s i g n i f i c a n t l y  above a i r  t e m p e r a t u r e .  Excess i ve  h a n d l i n g  w i l l  a l s o  warm 
i t  up.  Leaves may be e i t h e r  h o t t e r  o r  c o o l e r  t h a n  a i r  t e m p e r a t u r e ,  
depend ing on t h e i r  s tomata1 a p e r t u r e ,  w a t e r  s t r e s s  and a  number o f  o t h e r  
f a c t o r s .  

As f a r  as p o s s i b l e  t h e r e f o r e ,  keep t h e  sensor  head shaded and t h e  
s h u t t e r  o v e r  t h e  l e a f - p a d  c l o s e d .  I f  t h e  6T can be k e p t  < l  C ,  you a r e  
d o i n g  w e l l .  The AP4 s o f t w a r e  w i l l  be a p p l y i n g  i t s  a u t o m a t i c  c o r r e c t i o n  
anyway, and can cope w i t h  up t o  k2.5 C .  You may o c c a s i o n a l l y  have t o  
t o l e r a t e  a  h i g h e r  6T though .  The dangers  a r e  t w o f o l d :  t h e  c o r r e c t i o n  
i t s e l f  becomes l e s s  good as 6T i n c r e a s e s ;  and i f  t h e  tempera tu res  a r e  
n o t  s t a b l e ,  t h e  i n d i c a t e d  6T may l a g  t h e  t r u e  6T and i n t r o d u c e  f u r t h e r  
e r r o r .  

LEAF TEMPERATURE 

What t h e  AP4 c a l l s  l e a f  t e m p e r a t u r e  ( a s  i n  t h e  c u p - l e a f  6T) i s  t h e  
t e m p e r a t u r e  o f  t h e  l e a f  a f t e r  i t  has been c l  i pped  i n t o  t h e  sensor  head 
and has e q u i l i b r a t e d  (more o r  l e s s )  w i t h  t h e  cup.  

T h i s  may be a  few degrees d i f f e r e n t  f r o m  t h e  a c t u a l  t e m p e r a t u r e  o f  t h e  
u n d i s t u r b e d  l e a f .  I f  you need t h e  a c t u a l  l e a f  t e m p e r a t u r e ,  you s h o u l d  
measure i t  by some independent  means. The AP4 r e a d i n g s  a r e  a lways  
r e l a t e d  t o  t h e  cup t e m p e r a t u r e  t o  a v o i d  c o n f u s i o n .  

See a l s o  c h a p t e r  11 .2 ,  d e s c r i b i n g  t h e  t e m p e r a t u r e  compensat ion 
a1 g o r i  thms. 
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CUP TEMPERATURE 

The AP4 a u t o m a t i c a l l y  c o r r e c t s  f o r  d e v i a t i o n s  o f  t h e  cup tempera tu re  
f r o m  t h e  tempera tu re  o f  t h e  c a l i b r a t i o n  r u n .  Above a  5 : C  s h i f t  t h e  AP4 
w i l l  s t a r t  t o  f l a g  a warn ing  by f l a s h i n g .  The c o r r e c t i o n  i s  good, i e  
remains w i t h i n  s p e c i f i c a t i o n ,  t o  t 10:C and - 5 C .  

Beyond t h i s ,  t h e  c o r r e c t i o n  i s  l i k e l y  t o  become s u c c e s s i v e l y  l e s s  
a c c u r a t e .  You shou ld  r u n  one o r  two c a l i b r a t i o n  p l a t e  p o s i t i o n s  t o  check 
t h e i r  r e s i s t a n c e s .  I f  t h e s e  a r e  unaccep tab le ,  you w i l l  have t o  do a  f u l l  
c a l i b r a t i o n  run  a t  t h e  new tempera tu re .  

COPING WITH VERY HIGH RESISTANCES 

Problems can a r i s e  i f  t h e  r e s i s t a n c e  i s  so h i g h  t h a t  t h e  AP4 cannot  
comple te  even a  s i n g l e  c y c l e .  T h i s  c o u l d  be t h e  case f o r  i n s t a n c e  i f  
you wanted t o  r e c o r d  t h e  r e s i s t a n c e  o f  t h e  t o p  s u r f a c e  o f  a  
hypostomatous l e a f  a l o n g  w i t h  t h e  (much l o w e r )  u n d e r s u r f a c e  r e s i s t a n c e s .  

Terminate  t h e  r e a d i n g  by open ing  t h e  head and b r e a t h i n g  on i t .  
E i t h e r  d i s c a r d  t h e  r e a d i n g  o r  add a  n o t e  as  a  rem inder .  

THE LIGHT SENSOR 

T h i s  i s  a  s i m p l e  sensor  i n t e n d e d  f o r  compara t i ve  e s t i m a t e s  o f  l e a f  
i r r a d i a n c e .  The s p e c t r a l  and c o s i n e  response approx ima te  t o  t h a t  o f  a  
PAR quantum sensor ,  b u t  no l e v e l l i n g  d e v i c e  i s  p r o v i d e d .  

A f t e r  a  r e s i s t a n c e  r e a d i n g  has been accepted and t h e  sensor  head 
u n c l i p p e d  f rom t h e  l e a f ,  t h e  l i g h t  sensor  s h o u l d  be o r ' e n t e d  i n  t h e  
p l a n e  o f  t h e  l e a f .  The i r r a d i a n c e  r e a d i n g  w i l l  be " f r o z e n "  a t  t h e  
moment o f  s t o r i n g  t h e  d a t a .  

An i r r a d i a n c e  v a l u e  w i l l  g e t  s t o r e d  f o r  e v e r y  r e a d i n g  whether you want 
i t  o r  n o t .  So i t  i s  a d v i s a b l e  t o  n o t e  wh ich  a r e  t h e  v a l i d  r e a d i n g s .  
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CLEANING THE SENSOR HEAD 

Deposi ts  o f  d i r t  and p l a n t  substances, p o l l e n s  and r e s i n s  may accumulate 
on t h e  rubber  cup sea.1 and even i n s i d e  t h e  w a l l s  o f  t h e  cup. 

Unplug t h e  sensor head lead  f rom t h e  AP4. 

Remove t h e  cup sea.1 and cup i n s e r t  f rom t h e  sensor head a.s shown i n  
Chapter 10 .3  and c l ean  them, by washing w i t h  d i s t i l l e d  water .  Then 
leave  them t o  d r y  o u t  tho rough ly  f o r  a  day o r  so. I f  p o s s i b l e  avo id  t h e  
use o f  any so l ven t s ,  which may damage o r  be absorbed by t h e  s i l i c o n e  
rubber .  Spares a re  inc luded  i n  t h e  consumables k i t .  

I f  t h e  RH sensor i t s e l f  appears d i r t y ,  use o n l y  a  ve ry  s o f t  brush t o  
d i s l odge  t h e  d i r t .  Sc ra t ch i ng  t h e  sensor may change i t s  RH c a l i b r a t i o n .  

W h i l s t  you have t h e  sensor head i n  p ieces  you can wipe t h e  RH sensor 
w i t h  d i s t i l l e d  water .  Use a  c o t t o n  bud - o r  a t w i s t  o f  c o t t o n  wool 
around a  match s t i c k .  Be gen t l e .  The sensor s u b s t r a t e  i s  b r i t t l e ,  l i k e  
g lass .  I t  i s  g lued down on a  f i n g e r - l i k e  ex tens ion  o f  t h e  head p r i n t e d  
c i r c u i t  board. T r y  no t  t o  ge t  r e s t  o f  t h e  c i r c u i t  board wet. The 
e l e c t r o n i c s  do n o t  l i k e  water .  Leave i t  f o r  a  f u l l  day t o  d r y  o u t .  

Some chemicals a re  known t o  produce permanent damage o r  a  c a l i b r a t i o n  
s h i f t  i n  t h e  RH sensor.  Avoid a l l  o rgan ic  so l ven t s  a.nd t h e i r  va.pours, 
c i g a r e t t e  smoke, su lphur  d i o x i d e  and o the r  su lphurous p o l l u t a n t s .  
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U n i t s  

8 - 2  RESISTANCE & CONDUCTANCE U N I T S  

RESISTANCE : r i s  d e f i n e d  by t h e  r e l a t i o n  

where 
E i s  t h e  f l u x  d e n s i t y  o f  water vapour,  
6@ i s  t h e  concen t ra t i on  d i f f e r e n c e  across t h e  res i s t ance  r .  

CONDUCTANCE : c i s  de f i ned  as t h e  r e c i p r o c a l  o f  r es i s t ance  

c  l / r  . . . . . ( 2 )  

UNITS  

Cons is ten t  u n i t s  y i e l d i n g  " v e l o c i t y "  d imensions f o r  r and c  a re  

By express ing  concen t ra t i on  i n  d imension less u n i t s  o f  m01 o f  water 
vapour per  m01 o f  a i r  (m01 m o l - l ,  e f f e c t i v e l y  e q u i v a l e n t  t o  t h e  volume 
f r a c t i o n  vpm), t h e  u n i t s  f o r  r become mZ S mo l - I  ( "mo l "  u n i t s ) .  

E 

g m-2 S-l 

m01 m - 2  S - '  

CONVERSION FROM VELOCITY TO MOL UNITS  OF RESISTANCE 

r '  i s  i n  m2 S mol-1 
r i s  i n  S m - '  
Vo i s  i n  m3 m o l - l ,  t h e  molar volume o f  a i r  a t  To  and PO. 

- - 22.7 X 10-3 m3 m o l - l  a t  273 K and 1000 hPa (rnbar) 
T i s  i n  " K  
For r = 0 .1  S mm-' ( =  1  S cm-') 

r 7  = 2 .44  m2 S m o l - l  a t  293 K 

@ 

g m-3 
m01 m-3 
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U n i t s  

PRESSURE AND TEMPERATURE DEPENDENCE 

F i c k ' s  law o f  d i f f u s i o n  i s  E = D 6@/6x . . . . . . . ( 4 )  

where E i s  t h e  mass f l o w  r a t e ,  
D i s  t h e  d i f f u s i o n  c o e f f i c i e n t  o f  wa te r  vapour ,  

and 6@/6x t h e  c o n c e n t r a t i o n  g r a d i e n t .  

Comparison w i t h  e q u a t i o n  ( l ) ,  shows t h a t  r v a r i e s  i n v e r s e l y  w i t h  D. 

D  depends on t h e  a b s o l u t e  tempera tu re  and p r e s s u r e  as f o l l o w s  : 

where Do i s  t h e  d i f f u s i o n  c o e f f i c i e n t  a t  r e f e r e n c e  v a l u e s  o f  To and PO. 
See a1 so c h a p t e r  11 . 2  : Resis tance dependence on d i f f u s i o n  c o e f f i c i e n t .  

CONCLUSIONS 

A. Resistance and conductance values expressed i n  v e l o c i t y  u n i t s  
are temperature and pressure dependent, by approximately 
0.6% K - '  and 0.1% hPa-l .  

From ( 3 )  and ( 5 ) ,  i t  can be seen t h a t  p r e s s u r e  e f f e c t  i s  e l i m i n a t e d  and 
t h e  tempera tu re  e f f e c t  i s  reduced t o  ( T / T o ) O . ' ~  when m01 u n i t s  a r e  used. 

B. Resistance and conductance values expressed i n  m01 u n i t s  are 
independent o f  pressure bu t  a re  weakly dependent on temperature, 
by approximately 0.25% K - ' .  

You may t a k e  r e a d i n g s  w i t h  t h e  AP4 i n  any o f  t h e  f o l l o w i n g  u n i t s :  

Res is tance  : S cm- ' ,  S m - ' ,  m2 S mol -1  
Conductance : cm S-  , mm S - '  , mm01 m - 2  S- l 

( 0 . 1  S m m - '  = 1 .0  S cm-' 100 S m - '  e t c . )  

The v a l u e s  a r e  r e f e r r e d  t o  t h e  a c t u a l  cup tempera tu re  o f  t h e  r e a d i n g ,  
and t h e  p r e s s u r e  s e t t i n g  t h a t  you e n t e r e d  a t  t h e  s t a r t  o f  t h e  
measurement s e s s i o n .  

I f  you w i s h  t o  compare v a l u e s  i n  d i f f e r e n t  u n i t s ,  remember t h a t  
a )  conductance i s  t h e  r e c i p r o c a l  o f  r e s i s t a n c e  
b )  v e l o c i t y  u n i t s  can be c o n v e r t e d  t o  m01 u n i t s  by ( 3 )  above 

I f  you w i s h  t o  compare r e a d i n g s  i n  t h e  same u n i t s ,  b u t  t a k e n  a t  
d i f f e r e n t  t empera tu res  and p r e s s u r e s ,  use e q u a t i o n  ( G )  i n  c h a p t e r  11.2  
f o r  v e l o c i t y  u n i t s ,  and e q u a t i o n  ( 3 )  above t o  c o n v e r t  t o  m01 u n i t s .  

Acknowledgements 

The above arguments c l o s e l y  f o l l o w  Chapter  10: Poromet ry ,  by Dr 
K .J .Park inson  i n  I n s t r u m e n t a t i o n  f o r  env i ronmen ta l  p h y s i o l o g y  (Eds 
B.Marshal1 & F.I .Woodward, P u b l .  Cambridge U n i v e r s i t y  Press ,  1985) .  
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Pressure 

A STANDARDISED PRESSURE SETTING 

Th i s  a p p l i e s  t o  " v e l o c i t y "  u n i t s ,  which a re  pressure dependent. 

I f  you wish t o  s tandard ise  t h e  readings t o  a  p r e f e r r e d  va lue  
( o r  i f  you do n o t  know what t h e  pressure i s ) :  

- Set t h e  pressure t o  t h e  p r e f e r r e d  va lue  (e.g.  1000 hPa) 
- C a l i b r a t e ,  and then  t ake  l e a f  readings.  

The readings w i l l  automat ica. l ly  be s tandard ised t o  t h e  s e t  pressure 
v a l u e  prov ided  t h a t  t h e  p ressu re  does n o t  change i n  between t h e  
ca 7 ibt-at ion and tak ing  the readings. 

Th i s  i s  because t h e  c a l i b r a t i o n  p l a t e  and l e a f  r es i s tance  va lues move i n  
unison. 

S t a n d a r d i s e d  r e a d i n g s  have t h e  advan tage  o f  b e i n g  more i m m e d i a t e l y  
comparable, b u t  you w i l l  have no record  o f  t h e  a c t u a l  pressure a t  which 
t h e  readings were made. 

AN INCORRECT PRESSURE SETTING 

Provided t h a t  the  pressure does not change i n  between the c a l i b r a t i o n  
and tak ing  the  readings, t h e  res i s tance  va lues w i l l  not be i n  e r r o r ,  
t hey  w i l l  mere ly  be re ferenced t o  t h e  s e t  pressure va lue.  (The s to red  
s e t  pressure va lue  w i l l  o f  course be i n c o r r e c t  though) .  

FAILURE TO RECALIBRATE WHEN THE PRESSURE CHANGES 

The res i s tance  va lues w i l l  be i n  e r r o r  by an amount p r o p o r t i o n a l  t o  t h e  
change. 

Barometr ic  pressure a t  sea l e v e l  may swing between extremes o f  960 - 
1040 hPa, b u t  changes o f  more than a  few hPa i n  a  
i s  u n l i k e l y  t o  lead  t o  s i g n i f i c a n t  e r r o r s  and you 
it. 

Larger  changes i n  pressure can occur  w i t h  changes 
(about  1 hPa per  10 m o r  30 f t ) .  I f  you move 
d i f f e r e n t  e l e v a t i o n  you may need t o  r e c a l i b r a t e .  

day a re  unusual. Th i  S 

may choose t o  i gno re  

i n  a l t i t u d e  
t o  a  new s i t e  a t  a  
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Porome t r y  theory 

Boundary 
layer 

- - - - - -. - - - - - - - 

Adaxial 

- - Lea 

\ 
Abaxial 

- - - - - - - - - - 

Boundary 
layer 

Cuticle 

Cuticle 

Equiva lent  e l e c t r i c a l  c i r c u i t  f o r  t he  l o s s  o f  water vapour 
from a l e a f  by d i f f u s i o n  through t h e  stomata and c u t i c l e  o f  t h e  upper 
and lower epidermis. 

(Reproduced W i t h  perm i ss  ion from P r  inc i p  1es o f  Env ironmen t a  7 Phys ics  by 
J Monte i t h ,  pub 1 ished by Edward Arno l d )  
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Porometry & stomata 

43-4 POROMETRY AND STOMATA 

Porometry i s  t h e  s tudy o f  gaseous Inass t r a n s f e r  th rough  stomata. 

When leaves t r a n s p i r e ,  water  evaporates f rom c e l l  w a l l s  and escapes t o  
t h e  atmosphere by d i f f u s i n g  i n t o  substomatal  c a v i t i e s ,  th rough  s tomata l  
pores,  and f i n a l l y  th rough  t h e  l e a f  boundary l a y e r  i n t o  t h e  f r e e  
atmosphere. Dur ing  pho tosyn thes is ,  molecu les o f  carbon d i o x i d e  f o l l o w  
t h e  same d i f f u s i o n  p a t h  i n  t h e  oppos i t e  d i r e c t i o n .  R igorous t rea tments  
o f  d i f f u s i o n  th rough  pores a l l o w  f o r  t h e  i n t e r a c t i o n  o f  d i f f u s i n g  gases 
and f o r  t h e  d i f f e r e n c e  i n  d r y  a i r  p ressure  across pores needed t o  
balance t h e  d i f f e r e n c e  i n  water vapour pressure.  There i s  a  c l a s s  of 
problems i n  which these  comp l i ca t i ons  can n o t  be ignored  (e .g .  i n  
p r e c i s e  es t imates  o f  t h e  i n t e r c e l l u l a r  C 0 2  concentt-a.t ion) b u t  f o r  many 
p r a c t i c a l  purposes t h e  elementary t rea tment  which f o l l o w s  i s  adequate. 
It w i l l  t h e r e f o r e  be assumed t h a t  f o r  a  l e a f  lamina,  t h e  r es i s t ance  o f  
s tomata l  pores f o r  a  p a r t i c u l a r  gas depends o n l y  on t h e i r  geometry, s i z e  
and spac ing whereas t h e  res i s t ance  o f f e r e d  by t h e  boundary l a y e r  depends 
on l e a f  d imensions and windspeed. 

Meidner and Mans f i e l d  (1968) t a b u l a t e d  s tomata l  popu la t i ons  and 
dimensions f o r  27 spec ies  i n c l u d i n g  c rop  p l a n t s ,  deciduous t r e e s  and 
evergreens. The leaves o f  many spec ies have between 100 and 200 stomata 
per  mm2 d i s t r i b u t e d  on bo th  t h e  upper and lower  ep idermis  
(amphistomatous l e a f )  o r  on t h e  lower  su r f ace  o n l y  (hypostoma.tous l e a f ) .  
The l e n g t h  o f  t h e  pore i s  commonly between 10 and 30 pm and t h e  area 
occupied by a  complete stoma, i n c l u d i n g  t h e  guard c e l l  r espons ib l e  f o r  
opening and s h u t t i n g  t h e  pore,  ranges from 2 5  X 17 pm i n  Medicago s a t i v a  
t o  72 X 42 pm i n  Phy7 7 i t  i s  sca 7opendr-ium. 

Because stomata tend  t o  be sma l l e r  i n  leaves where t hey  a re  more 
numerous, t h e  f r a c t i o n  o f  t h e  l e a f  su r f ace  occupied by pores does no t  
va ry  much between spec ies and i s  about 1% on average f o r  a  pore w i d t h  o f  
6  pm. There i s  a  much g r e a t e r  v a r i a t i o n  i n  t h e  geometry o f  pores:  t h e  
stomata o f  grasses a re  u s u a l l y  long ,  narrow, and a l i g n e d  i n  rows 
p a r a l l e l  t o  t h e  m i d r i b  whereas t h e  e l l i p t i c a l  stomata. o f  sugar beet 
(Beta  vu7gat-is) and broad bean ( V i c i a  faba) are  randomly o r i e n t e d  b u t  
u n i f o r m l y  d ispersed  over  t h e  ep idermis .  

The network o f  r es i s t ances  i n  t h e  diagram oppos i t e  i s  an e l e c t r i c a l  
analogue f o r  t h e  d i f f u s i o n  o f  water  vapour between t h e  i n t e r c e l l u l a r  
spaces and t h e  e x t e r n a l  a i r .  The c a l c u l a t i o n  o f  boundary l a y e r  
r es i s t ance  i s  d iscussed i n  Mon te i t h  (1980).  Values o f  0.3 t o  1  S cm-' 
a re  expected f o r  smal l  leaves i n  a  l i g h t  wind. Many mesophytes have 
minimum stomata l  resista.nces i n  t h e  range 1 t o  2 S cm-' bu t  va lues as 
smal l  as 0.5 S cm-' and as l a r g e  as 4 .8  S cm-' have been repo r t ed  f o r  
Beta vu l g a r i s  and Phaseo 7us vu l g a r i s  r espec t i ve1  y .  Xerophytes have 
l a r g e r  minimum res i s t ances  up t o  30 S cm-'. C u t i c u l a r  r es i s t ances  range 
f rom 20 t o  60 S cm-' i n  mesophytes and f rom 40 t o  400 S cm-' i n  
xerophytes.  I n  bo th  t ypes  o f  p l a n t ,  t h e  r es i s t ance  o f  t h e  c u t i c l e  i s  
u s u a l l y  so much l a r g e r  than  t h e  s tomata l  r es i s t ance  t h a t  i t s  r o l e  i n  
water vapour and C 0 2  t r a n s f e r  can g e n e r a l l y  be ignored .  
(Reproduced w i t h  permission from Pr inc i p  7es o f  Env ironmenta 7 Phys ics by 
J Monte i th,  pub7 ished by Edward Arno7d) 
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Techn ica 7 

The r e s t  o f  t h e  manual should on ly  concern you i f  th ings  need se rv i c ing ,  
o r  i f  you are  i n te res ted  i n  t h e  design. There i s  a l so  a bug repor t  
form. You can t e a r  it o u t  and send it t o  us. We would l i k e  t o  hear 
your comments, ideas and c r i t i c i s m s .  

9 SPECIFICATIONS 

10 HOW TO SERVICE 

10.1 Ba t te ry  
10.2 Case and chassis : How t o  undo them 
10.3 Cup : : How t o  change i t  
10.4 Desiccant : : How t o  change i t  
10.5 Eprom: : How t o  change i t  
10.6 H e a d :  : How t o  disassemble 
10.7 Pump : : How t o  change i t  

10.8 L i g h t  Sensor : : C a l i b r a t i o n  
10.9 RH Sensor : : Cal i b r a t i o n  
10.10 Thermistors : : C a l i b r a t i o n  

10.11 Software crashes : How t o  reset  

10.12 Trouble shooting. 

11 HOW I T  WORKS 

11.1 What happens i n  t h e  head 
11.2 How t h e  r e s u l t s  are ca l cu la ted  
11.3 How t h e  e l e c t r o n i c s  work 

12 CIRCUIT DIAGRAMS 

13 COMPONENTS & CONNECTORS 

14 SPARES; CONSUMABLES AND ACCESSORIES 

15 SERVICE AND GUARANTEE 

APPENDIX A  : DESIGN OF THE AP4 

Dynamic model l ing  o f  cup performance 
~ e f  inement o f  c a l  i b r a t i o n  p l a t e  values 

APPENDIX B : TEST RESULTS 

Comparison w i t h  Mark 3 Porometer 
Temperature c o r r e c t i o n  t e s t  r e s u l t s  
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Spec i f ica t ions 

SENSOR HEAD 

Size:  
Weight : 
Cup apertures:  

Cable length:  
RH sensor: 
Temperature sensors : 

accuracy : 

L i g h t  sensor: 

CARRYING CASE 

Desc r ip t i on  : 
Size:  
T o t a l  weight: 

CONTROL UNIT 

I n t e r f a c e s  : 

PROM Software 

B a t t e r y  : 

Memory : 

110 X 30 X 27 mm 
130 g ( i nc lud ing  cable) 
2.5 X 17.5 mm ( s l o t  w i t h  rounded ends> 
6.0 mm d i a  ( c i r c u l a r )  
1.2 m 
Vaisala type 1518HM, t h i n  f i l m  capac i to r  
Betatherm l O O K  (curve 6)  microchip thermis tors  
+ O . l e C  a t  25 "C 
+0.3"C a t  0 & 50 " C  
u n f i l t e r e d  GaAsP photodiode 

padded, w i t h  shoulder and waist  s t raps  
300 X 220 X 140 mm 
3 kg 

Contro l  panel w i t h  8 l i n e s  X 40 character  LCD d isp lay .  
QWERTY keypad f o r  annotat ion. 
RS-232 in te r face .  
Pocket f o r  sensor head, desiccant  and c a l i b r a t i o n  p la te .  

Version 2 
Funct ions : read, c a l i b r a t e ,  review and output .  

automatic c a l i b r a t i o n  curve f i t t i n g  
automatic temperature c o r r e c t i o n  

Choice o f  un i t s :  
Resistance : S cm-l, S m - ' ,  m2 S mol- l  
Conductance : cm S-1, mm S- ' ,  mm01 m-2 S-' 

Durat ion : 20 h 
L j f e  expectancy: 200 t o  2000 recharge cyc les  
Charging: 12 t o  15 V dc, 0.5 A 
Recharge t ime : approx 14 hours 

32 kbytes, approx. 630 t o  1600 readings depending on t h e  
ex ten t  o f  added notes. 

RS-232 UNIVERSAL CABLE & ADAPTER 

RS-232: 1.5 m cab le  w i t h  25-pin male and female connectors and 9-25 
p i n  adapter, f o r  p r i n t e r s  and IBM-PC/AT/XT compatible computers, 
up t o  9600 baud. 
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Speci f  i ca t  ions 

DATA COLLECTION SOFTWARE 

Filename : R E T R I E V E  
Funct ion : Co l l ec t s  data from AP4  and saves t o  a f i l e  on your 

computer. 
F i l e  format  : Comma separated values (CSV) and A S C I I  t e x t  
C o m p a t i b i l i t y  : For use w i t h  I B M  PC, AT & XT computers. 
Disk s i zes  : 3.5" and 5.25" d i s k s  both suppl ied w i t h  a l l  orders.  

OPERATING L I M I T S  

Temperature : 0 t o  50°C 
Humidity : 10 t o  90 %RH (non-condensing) 

CAL IBRAT ION PLATE  VALUES ( a t  2 0 ° C ,  1 0 0 0  hPa) 

P1 a t e  
p o s i t i o n  

Resistance I Conductance 
s/cm s/m m*.s/rnol crn/s mm/s mmol/rn2.s 

cont inued 
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Specifications 

PERFORMANCE SPECIFICATIONS (cont'd) 

I I 1 >80 Oh 1 800- 1200 mmol S-' 1 

Parameter 

Conductance 

Conductance 1 0.25 -30.0 mm S" / 0.01 - 0.1 I >90 % 1 0.25 -20 mm S-' I 
Resistance 1 0.2 - 40 S cm-' 1 0.01 - 0.1 / >90 % 1 0.5 -40 S cm-' l 

Reading range 

5.0 -1200 mmol S-' 

cupleaf temp. 1 -5 - +5 ' C  I 0.1 1 2 0 . 2 ~  I 0 -50 "c I 

Resolution 
note [ l ]  

0.1 - 10 

RH 

Cup temp. 

Accuracy 
note [2] 

>90 % 

0 - 100% 

-5 - +55 "C 

PAR flux [3] 1 0 - 2500 pmol m-' S.' I 10 

Notes: 

Test Conditions 
Reading Range [5] 

5 - 800 mmol m-2 S-' 

>85% 

Pressure 

RH cycle level 

[l] Resolution vanes with the magnitude of the value obtained. The range shown corresponds 
to the reading range. In relative terms, the resolution is better than 2%, but at least the 
smallest amount shown. 

0.1 

0.1 

I i 

600 - 1200 hPa (mb), settable in steps of 5 hPa 

20 - 80 %RH, settable in'steps of 5% [4] 

[2] Accuracy is the extent with which the measurement agrees with the true value (1 00% is 
perfect), as verified by comparing plate readings with the reference value (for a specific 
temperature and pressure). The stated accuracy applies over the range of the calibration 
plate and for optimum cup conditions, i.e. from +l 0 to -5 "C difference between actual cup 
temp. and that existing at calibration, and for +2.5 to -2.5 "C difference between leaf and cup 
temperatures. The accuracy of the temperature sensors is expressed as the error, the 
deviation possible from the true value. 

[3] Spectral and cosine responses are approximate only. 

2 0.2 S cm-' 

96% 

2 0.7 "C 

[4] Cycling at extreme combinations of temperature, conductance and RH level may not always 
be possible. 

0.2 - 0.5 S cm" 

0-50°C 

[5] For Ambient RH 10 - 90%. 

CE CONFORMITY 

The Porometer type AP4 conforms to EC regulations regarding electromagnetic emissions and 
susceptibility when used according to the instructions contained within this user manual, and is CE 
marked by Delta-T Devices Ltd. 
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Battery 

B Recharge 
1 Care 
B Storage 
B Replacement 

BATTERY RECHARGING 

The AP4 conta ins an 8 V o l t ,  2.5 Ah sealed lead ac id  bat te ry .  
I t  takes about 14 hours t o  recharge. It has p len ty  o f  capacity f o r  
normal use: 

Typ ica l  cu r ren t  consumptions are: 

SLEEP (c lock  & data memory re ten t ion )  = 20pA 
ON (normal use, no t  pumping) = 50mA 
PUMP (depending on pump ra te )  = 50 t o  500mA 

Thus a normal average cu r ren t  i s  about 100 mA, depending 
on pump usage. 
The 2.5 Ah b a t t e r y  should l a s t  f o r  over 20 hours o f  t h i s  use. 
New b a t t e r i e s  have a lower capaci ty  t h a t  b u i l d s  up over the  f i r s t  
few charge/discharge cycles.  

When t h e  remaining b a t t e r y  capaci ty  f a l l s  t o  15%, t h e  AP4 d isp lay  shows 
a warning t h a t  t h e  b a t t e r y  i s  g e t t i n g  low. A t  10% t h e  AP4 shows a 
warning, "SHUTTING DOWN" and switches i t s e l f  o f f  t o  ensure data memory 
r e t e n t i o n  f o r  a t  l e a s t  another 2 weeks. 

The s leep consumption, when the  AP4 i s  switched o f f ,  i s  n e g l i g i b l e  and 
w i l l  normal ly  be exceeded by t h e  b a t t e r y ' s  self- leakage. The s e l f  
leakage i s  very temperature dependent, as can be seen from the maximum 
storage t ime graph, which shows t h e  t ime f o r  a f u l l y  charged ba t te ry  t o  
discharge through s e l f  leakage. 

BATTERY CARE 

The lead a c i d  b a t t e r y  should g i ve  many years o f  usefu l  l i f e ,  
p rov ided it i s  never deeply discharged: 

ALWAYS PROMPTLY RECHARGE THE BATTERY WHEN I T ' S  RUN DOWN: 

Connect t h e  AP4 charger t h e  CHARGE socket. 
The CHARGE i n d i c a t i o n  LED should l i g h t .  

The Porometer's b a t t e r y  l i f e  % i n d i c a t i o n  on t h e  f i r s t  screen should 
r a p i d l y  increase. While charging, t h e  % charge i n d i c a t i o n  over-reads. 
A low b a t t e r y  takes about 16 hours t o  recharge. 
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B a t t e r y  

I t  can be l e f t  on charge f o r  severa l  days w i t h o u t  harm. 
The Porometer can be used as normal d u r i n g  charg ing .  

S ince  t h e  Porometer con ta i ns  i t s  own b a t t e r y  charge r e g u l a t o r ,  any 12 t o  
15 V o l t  DC supp ly  can be used as a  charger ,  i n c l u d i n g  l a b o r a t o r y  power 
s u p p l i e s  and 12V c a r  b a t t e r i e s ,  connected by a  2.lmm CO-ax ia l  "power" 
p l u g  w i t h  t h e  INNER POSITIVE. 
A r i s i n g  b a t t e r y  l i f e  % i n d i c a t i o n  con f i rms  t h a t  t h e  b a t t e r y  i s  a c t u a l l y  
cha rg i ng .  

I f  t h e  b a t t e r y  i s  deeply  d ischarged,  recharge i t  a t  
When an AP4 w i t h  a  f l a t  b a t t e r y  i s  t u r n e d  on i t  may 
"SHUTTING DOWN" and then  s w i t c h  o f f .  An AP4 w i t h  a  
b a t t e r y  won ' t  even t u r n  on. When deeply  d ischarged  
t i m e ,  even days, be fo re  i t  s t a r t s  t o  accept  charge, 
reduced capac i t y .  
Th:? s t o r e d  read ings  and t h e  t ime/da te  may have been 
Re-set t h e  t ime  and da te ,  i f  necessary,  u s i n g  <SET> 

soon as poss ib l e .  
d i s p l a y  t h e  warn ing,  
complete ly  f l a t  
i t  may t ake  a l ong  
and then  i t  may have 

l o s t .  

STORAGE 

THE BATTERY MUST BE CHARGED BEFORE AND PERIODICALLY DURING STORAGE, 
t o  p reven t  deep d i scha rge  due t o  gradual  se l f - l eakage .  

Recharge a l l  b a t t e r i e s  a t  l e a s t  once a year .  
For  s t o rage  temperatures above 20 "C ,  recharge more f r e q u e n t l y .  
See "Maximum Storage Time" graph, which shows t h e  t i m e  f o r  
complete  se l f - d i s cha rge  o f  a  f u l l y  charged b a t t e r y .  
We recommend recha rg i ng  a t  l e a s t  t w i c e  as f r e q u e n t l y  as 
i n d i c a t e d  by t h i s  graph. 

Any spare  b a t t e r i e s  should  be r o t a t e d  & recharged a t  these 
r a t e s .  See 10.2 f o r  undoing t h e  AP4 case t o  reach t he  b a t t e r y .  

A f u l l y  charged b a t t e r y  has an open c i r c u i t  v o l t a g e  o f  about 8.7 V ,  
f a l l i n g  t o  7 . 9  V when d ischarged.  

WARNING: 

Do not sho r t  c i r c u i t  the b a t t e r y .  
When connected t o  the  AP4, the  b a t t e r y  i s  p ro tec ted  by a s e l f -  
r e s e t t i n g  thermal fuse on the  main c i r c u i t  board. 
I f  the  b a t t e r y  i s  somehow acc identa l  7y shor ted d i r e c t l y ,  there i s  a 
r i s k  o f  f i r e  o r  explos ion.  

GRAPH SHOWING THE TIME I T  TAKES 
THE BATTERY TO SELF DISCHARGE 
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Bat tery  

BATTERY CHANGING 

Remove t h e  chassis  from the  case as described i n  Chapter 10.2 

Disconnect t h e  b a t t e r y  connector from the  t o p  r i g h t  hand s ide  o f  t h e  
main c i r c u i t  board. 

Loosen the  wing nu t  t h a t  secures t h e  b a t t e r y  clamp, l i f t  the  cjamp up 
enough t o  c l e a r  t he  ba t te ry ,  then c a r e f u l l y  s l i d e  the  b a t t e r y  w i t h  i t s  
w i res  and connector c l e a r .  

When f i t t i n g  t h e  new b a t t e r y  simply reverse the  procedure bu t  pay 
spec ia l  a t t e n t i o n  no t  t o  t r a p  t h e  w i res  under the ba t te ry  clamp. Feed 
them through f i r s t .  
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Case & Chassis 

REMOVE THE BAG F I R S T  

Unzip the  bag completely around the l i d  section. 

S l ide  f i ngers  between l i d  and bag t o  unhook the velcro from inside,  then 
p u l l  the bag c l ea r  o f  the l i d .  

Unhook ve lcro  from case section i n  the same manner and s l i d e  the bag 
from the case assembly. 

TO OPEN THE CASE 

Lay the case on i t s  f r o n t  and using a s tee l  r u l e  o r  f i nge r  n a i l s  remove 
the four  black r i v e t s  t ha t  hold the cover p la te  t o  the back o f  the  case. 

Remove the cover p la te ,  g r i p  the ribbon cable as close t o  i t s  connector 
as possib le and p u l l  it c lear  from the  case. 
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Case & Chassis 

From t h e  base o f  the case assembly remove t h e  f o u r  screws t h a t  secure 
t h e  chassis  t o  the  i ns ide  of the  case. 

Disconnect t h e  head assembly and remove i t  f rom t h e  s ide  pocket. 
U n c l i p  t h e  desiccant  assembly from i t s  wh i te  c l i p  and disconnect t h e  
o u t l e t  pipe. Remove the  dess i c i  ant.i.assembly from t h e  s ide  pocket. 

Seal t h e  ends o f  t he  desiccant assembly so as t o  min imise the  exposure 
t o  a i r .  Use t h e  b lank bung and a lso  t h e  bung t h e  head assembly. 

Wi th one hand on the  p l a s t i c  c l i p  i n s i d e  t h e  s ide  pocket and the  o the r  
on t h e  bezel a t  t h e  o ther  end gent ly  ease t h e  chass is  assembly from the  
case. Note t h a t  excessive fo rce  should no t  be a p p l i e d  t o  the bezel i n  an 
e f f o r t  t o  remove t h e  chassis from t h e  case. See a l s o  Page 96. 

Once t h e  chassis has been removed the  desiccant assembly can be c l i p p e d  
back i n t o  p lace and the  pump o u t l e t  p ipe  attached. Keep t h e  top  sealed 
w i t h  t h e  b lank  bung t o  minimise exposure t o  a i r .  
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Case 6: Chassis 

CHASSIS LAYOUT 
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DESCRIPTION 

Two a l t e rna t i ve  cup shapes are provided i n  the head o f  the AP4. 
A long, narrow s l o t ,  2.5 X e 1 7 . 5  mm, and a  c i r c u l a r ,  6 mm diameter aperture 
are both provided. Heads are shipped from the fac tory  w i th  the s l o t  
i ns ta l led .  

The ac t i ve  cup i s  p r e t t y  obvious. It i s  the one a t  the end o f  the head. 
You can see it through the s l i d i n g  window 

The c a l i b r a t i o n  p l a t e  i s  designed f o r  use w i t h  e i t he r  cup. 

POROMETER HEAD WITH SLOTTED CUP INSTALLED 

POROMETER HEAD DISASSEMBLED : Showing rubber seal and cup i n s e r t  

CUP 
GR5KET 

{us&$ %by 
.\P- the h d )  
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CHANGING THE CUP 

Disassemble the  two halves o f  t h e  head u n i t ,  see Chapter 10.6 

Unscrew t h e  two l a r g e  p l a s t i c  screws r e a d i l y  v i s i b l e  on the  ou ts ide  o f  
t h e  head. 

Gent ly  tease ou t  t he  rubber seal and cup i n s e r t .  

WARNING 

Take care  not  t o  touch, o r  shock the  f r a g i  7e RH sensor 

Do not  use organic so lvents  on o r  near t he  RH sensor 

You can now r o t a t e  and replace cup i n s e r t  and seal .  

Do up t h e  screws u n t i l  you j u s t  f e e l  some res is tance,  and then t i g h t e n  
up one more qua r te r  t u r n .  

WARNING 
Avoid ove r t i gh ten ing  the  screws. They a re  s t ronger  than the  
p7ast i c  o f  the  i n s e r t  and may s t r i p  out t h e  thread. 

Change t h e  cup type i n  t h e  C a l i b r a t i o n  Set t ings .  
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Dess icant  

Unclip the desiccant container and remove it from the white plastic 
spring clip in the pocket to the left of the QWERTY keyboard. 

Unplug the translucent air lines. 

Open the hinged container. It opens at one end. 

Either replace the desiccant with fresh self indicating silica gel 
crystals, or reconstitute the crystals - see below. 

Reassemble. 

RECONSTITUTION OF CRYSTALS 

Spread out the crystals in a heatproof dish or tray 

Heat gently in an oven at 93°C (200°F) for 4 to 8 hours until the blue 
colour returns. 

WARNING : Overheating c rys ta7s  can reduce t h e i r  capaci ty  
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EPROM 

The sof tware which c o n t r o l s  the  AP4 resides i n  a memory ch ip  c a l l e d  an 
EPROM. Software upgrades can be i n s t a l l e d  s imply by replac ing t h e  EPROM. 
Should you be issued w i t h  a new EPROM, t r y  t o  f i t  i t  yoursel f ,  o r  ge t  
someone t o  do it. 

It i s  p r e t t y  simple r e a l l y .  You take one c h i p  out ,  pu t  t he  new one i n ,  
and t h a t ' s  it, f in i shed .  

We w i l l  go through i t  i n  easy stages. 

I d e a l l y  you w i l l  do t h i s  indoors, on a clean t a b l e ,  w i t h  p len ty  o f  t ime.  
There's no rush. 

Remove t h e  chassis - see Chapter 10.2. 

Disconnect t h e  b a t t e r y  and pump w i r i n g  connectors from the top  r i g h t  
hand s ide  o f  t he  main c i r c u i t  board - see Chapter 10.7. 

Unscrew the  pump mounting bracket from t h e  chassis. 
Put t h e  screws and washers i n  a safe place. 
Swing t h e  pump o u t  o f  t h e  way wi thout  d isconnect ing ' the  i n l e t  and o u t l e t  
p i  pes. 

Look t o  see where t h e  Eprom i s  on t h e  TDS 9092 c i r c u i t  board. 

Not ice  which way round t h e  ch ip  i s  i n s t a l l e d .  There i s  a h a l f  moon 
depression a t  one end. The new c h i p  w i l l  need t o  go i n  t h e  same way 
round. But before you do t h a t  . . . 
It i s  good p r a c t i c e  t o  p r o t e c t  EPROMs from s t a t i c  e l e c t r i c i t y  as much as 
poss ib le .  

I n  case your f i n g e r s  a re  charged up, discharge them by touching them 
onto t h e  chassis. I f  you have one, wrap a conduct ive s t rap  around your 
w r i s t  and ea r th  it t o  t h e  chassis as shown i n  t h e  diagram. I f  not ,  j u s t  
touch t h e  chassis - t h a t  should do it. 

When you p u l l  ou t  t h e  o l d  EPROM, do i t c a r e f u l l y .  You may want t o  re- 
use it. The danger i s  t h a t  i t may t i p  and bend t h e  legs on t h e  way out .  
To prevent t h i s  use t h e  EPROM e x t r a c t o r  hand t o o l  suppl ied w i t h  t h e  
upgrade. 

I f  you do not  have t h e  EPROM ex t rac to r ,  c a r e f u l l y  lever-up both 
ends w i t h  a small screwdr iver .  I f  you do bend t h e  legs  it may be 
poss ib le  t o  s t r a i g h t e n  them again w i t h  a f i n e  p a i r  o f  p l i e r s .  

I f  you do not  have e i t h e r  an EPROM e x t r a c t o r  o r  a small enough 
screwdriver,  disconnect a l l  t h e  cables from t h e  main board. Remove t h e  
p l a s t i c  r i v e t s  ho ld ing  t h e  main board t o  the  chassis, and remove t h e  
main board. Now you can get  the  screwdr iver  i n .  Be sure t o  be even more 
c a r e f u l  about s t a t i c .  
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EPROM 

Care fu l l y  press t h e  o l d  EPROM onto t h e  a n t i s t a t i c  foam suppl ied w i t h  the  
new EPROM. 

Repeat your "ea r th ing  the f i n g e r s "  rou t i ne .  Touch them onto the  
chassis.  

R igh t ,  here 's  t h e  good b i t .  I f  you have an EPROM i n s e r t e r ,  use it. I f  
not ,  use your f i n g e r s  - and t r y  t o  avo id  touching t h e  p ins .  

M a ~ e  sure you know which way round t h e  c h i p  w i l l  go. 

Remove t h e  new EPROM from i ' t s  p r o t e c t i v e  foam and p lace i t  gen t l y  on top  
o f  t h e  socket.  

Check t h a t  a l l  t h e  legs are over a  ho le  and t h a t  none are going t o  get  
bent underneath the  c h i p  when you push i t  home. 

Push i t  gen t l y  home. 

That 's  i t. You have done i t !  

R e f i t  t he  pump. 

Ensure the  pump i s  securely screwed down - you do no t  want t o  l e t  i t 
shake i t s e l f  loose. 

Reconnect t h e  pump and ba t te ry  w i r i n g  and pu t  every th ing  back together  again. 

When you t u r n  on t h e  new software w i l l  au tomat i ca l l y  reboot i t s e l f  and 
you are  back i n  business. 

Page 108 



EPROM 

CHANGING THE EPROM 

?WELT F b w  

G T R T ~ ~  _ _- - - ELECTRIC\T'Y 
I .  

I - . 
, . - 7' 

* - c- fin!!; &!l;= 
/ 

Gr 
" hc\s\\ 

Do no! bed  
'F 

Page 1.09 



Head 

The AP4 head c i r c u i t  board conta ins surface mount components and i s  no t  
s u i t a b l e  f o r  f i e l d  repa i r s .  See Service and Guarantee, Chapter 15, 

Reconfigure the  head i f  you replace it. See chapters 10.8 & 10.10 

The two halves o f  the  head can be separated f o r  changing o r  cleaning 
t h e  cup seal,  cup i n s e r t  and gasket. 

I Inspect  t h e  sp r ing  t o  see how i t  i s  located. 

I Push out  the  hinge p i n  . 
I unplug t h e  r ibbon cable. 

Remove t h e  spr ing.  

Observe the  l i g h t  sensor c a l i b r a t i o n  f a c t o r  wr . i t ten  on the  i ns ide  o f  the  
l i g h t  h a l f .  

You can now change the  cup i f  you wish - Chapter 10.3. 

To reassemble 

I Replace the  spr ing.  

I Reconnect t h e  r ibbon cable. 

I Replace the  hinge p in .  
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Changing the Pump 

Remove t h e  chassis - see Chapter 10.2 

Disconnect t h e  pump connector from the  t o p  r i g h t  hand s ide  o f  t h e  
main c i r c u i t  board and disconnect t h e  pump i n l e t  and o u t l e t  pipes. 

Unscrew the  pump mounting bracket and remove t h e  pump and bracket.  

Unscrew the  f o u r  s e l f  tapping screws t o  remove t h e  pump 
from i t s  bracket .  

When f i t t i n g  t h e  new pump simply reverse t h e  procedure. 

It may he lp  t o  moisten the  pump i n l e t  and o u t l e t s  be fore  pushing on t h e  
f l e x i b l e  a i r 1  i n e  tub ing.  
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L ight sensor ca 7 ibrat  ion 

C a l i b r a t i n g  L i g h t  Measurement 

The AP4 sensor head has an u n f i l t e r e d  GaAsP photodiode w i t h  a  spect ra l  
response approximately l i k e  the  i dea l  photo-synthet ica l ly  a c t i v e  (PAR) 
response. 

I t s  s e n s i t i v i t y ,  as measured a t  Delta-T, i s  l abe l l ed  i ns ide  the  sensor 
head, as a  s e n s i t i v i t y  f a c t o r  where about 0.5 i s  t y p i c a l .  Th is  
s e n s i t i v i t y  should be s tab le .  

It i s  easy t o  reprogram t h e  AP4 w i t h  a  d i f f e r e n t  s e n s i t i v i t y  f a c t o r  
should you change sensor heads o r  need t o  re-ca l ib ra te  the  l i g h t  sensor. 

H Clean t h e  l i g h t  sensor's t rans lucen t  p l a s t i c  cover w i t h  a  damp 
c l o t h .  

I Select  t h e  "CONFIGURE AP4 HEAD" screen by pressing t h e  <SHIFT> 
and <OFF> keys together. 

I Use t h e  <+> & <-> keys t o  e i t h e r  : 

Set t h e  sensor's s e n s i t i v i t y  f a c t o r  t o  t h a t  marked on t h e  
i n s i d e  o f  head, ( t y p i c a l l y  about 0.5) 

o r  b r i n g  t h e  d isplayed l i g h t  i n t e n s i t y  up t o  a  known 
l e v e l .  Th is  w i l l  r equ i re  the  use o f  a c a l i b r a t e d  source 
o r  a  second, c a l i b r a t e d  sensor. 
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RH sensor ca 7 i b r a t  ion 

I Int roduc t ion  
H Se t t i ng  the low RH ind ica t ion  
I Set t i ng  the high RH ind ica t ion  
I Repeat 

See a 7so page 83 on c7eaning the RH sensor 

Recal ibra t ion may be necessary i f  the RH sensor has been exposed t o  
smoke, ac id  o r  solvent vapours o r  debris. 

There are 2 trimmer potentiometers i n  the sensor head which you use f o r  
ad jus t ing t he  output f o r  low and high RH. See next page. These have 
received a  p ro tec t i ve  coat o f  s i l i c o n  rubber glue. 

SETTING THE LOW RH INDICATION 

Select READ from the main menu t o  d isp lay  the RH. Apply a  known low RH 
t o  the  sensor and adjust  VR2 ( v i a  the hole i n  the side o f  the sensor 
head, f u r t h e s t  from the cup) t o  g ive the correct  indicated RH. 

Applying a  known RH i s  not easy. Allow plenty o f  t ime f o r  
equ i l i b ra t i on ,  since so many surfaces absorb & release water. 

Some methods are: 

a) Blow dry, bo t t l ed  gas onto the  sensor. Separate the two halves o f  
the  sensor head by pushing out  the  hinge pin. 

b) Regenerate the s i l i c a  gel i n  the AP4 and t u rn  the pump f u l l  on f o r  a  
few minutes by s e t t i n g  the Set RH t o  5% v i a  the READ menu. 

Select  START and the pump should come on. 

The porometer w i l l  d ry  i t s e l f  down as much as it can. 

The ind icated RH should f a l l  t o  about 3% . 
This i s  a lso a  useful  check f o r  RH sensor damage. 

c) Leave the opened sensor head i n  a  sealed polythene bag w i t h  p len ty  of 
f resh  desiccant f o r  several hours. 
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RH sensor ca 7 i b ra  t ion 

SETTING THE HIGH RH INDICATION 

Apply a known h i g h  RH t o  t h e  sensor and ad jus t  V R I  ( v i a  t h e  ho le  nearest  
t o  t h e  cup) t o  g i v e  the  c o r r e c t  ind ica ted  RH. 

The RH should p r e f e r a b l y  be i n  t he  70-80% range t o  g ive  a h igh  ou tput ,  
avo id ing  >80% RH, where t h e  sensor output i s  l ess  l i n e a r .  

a) Blow a i r  on to  t h e  sensqr from a humidity generator, egc us ing  
hydrated f e r r o u s  sulphate. Take care t o  avoid o r  compensate f o r  
temperature d i f f e r e n c e s  between the  RH source and the  porometer 's RH 
sensor. A s u i t a b l e  generator i s  the  ADC WG600 humidi ty  generator.  

b)  Leave the  opened sensor head i n  a humid i ty -cont ro l led  chamber . 

REPEAT 

Repeat s e t t i n g  t h e  low and h igh  RH u n t i l  the  two known s e t  p o i n t s  can be 
read t o  w i t h i n  0.5% A t  Delta-T we f i n d  two i t e r a t i o n s  are  u s u a l l y  
s u f f i c i e n t .  More i t e r a t i o n s  w i l l  be required the  f u r t h e r  t h e  low RH i s  
away from 0% 
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T h e r m i s t o r  c a  7 i b r a t  i o n  

The Cup and Leaf the rm is to rs  should have a res is tance o f  100kR (20.47%) 
a t  25°C. They should main ta in  t h e i r  accuracy, unless p h y s i c a l l y  
damaged. 

To opt imise t h e  Cup-Leaf temperature d i f f e r e n c e  accuracy, a zero reading 
i s  s tored when t h e  temperatures are equal. Subsequent readings are  
r e f e r r e d  t o  t h i s  zero reading. Re-zeroing i s  necessary i f  you change 
t h e  sensor head o r  i f  t h e  temperature d i f f e r e n c e  reading i s  not  zero 
a f t e r  good temperature equi l i bra t ion .  

To zero the  temperature d i f f e rence  reading, s e l e c t  t he  "Configure AP4 
Head" screen by press ing SHIFT and OFF keys together .  On t h i s  screen i s  
d isp layed t h e  raw Cup and Leaf temperature readings, uncorrected f o r  any 
systematic o f f s e t  e r r o r s  i n  the  e lec t ron ics .  

Al low t h e  head temperature t o  s t a b i l i s e  by p lac ing  it ( w i t h  no p l a t e  o r  
l e a f )  i n  the  AP4 compartment, away from d i r e c t  s u n l i g h t  o r  sources o f  
heat.  When t h e  d isp layed 6T i s  s tab le ,  press GO. 

Th i s  zero o f f s e t  reading i s  au tomat ica l ly  subtracted from a l l  readings 
before  they are d isp layed on a l l  o the r  screens ( o r  recorded t o  memory). 

I f  t h e  displayed 6T (on t h e  SHIFT OFF screen) i s  more than ?0.5"C, and 
t h e  temperature has s t a b i l i s e d ,  then the re  may be a f a u l t  i n  one o f  t h e  
thermis tors .  

I f  t h e  Cup temperature reading i s  obv ious ly  wrong, check t h a t  t h e  sensor 
head connector i s  p roper l y  plugged i n t o  t h e  main case and check t h e  
c o n t i n u i t y  o f  connect ion between t h e  the rm is to r  and t h e  main c i r c u i t  
board. I f  these are  OK, t h e  cup o r  l e a f  t he rm is to r  may need rep lac ing .  
See sec t ion  10.3 f o r  how t o  expose t h e  the rm is to r .  I f  one o f  i t s  leads 
i s  un-soldered, i t s  res is tance can be checked. It should be 100kR 
(?0.47%) a t  25'C, f a l l i n g  w i t h  r i s i n g  temperature. I f  t h e  res is tance i s  
n o t  cor rec t ,  replace t h e  thermis tor ,  t a k i n g  care not  t o  over-heat i t 
d u r i n g  solder ing.  

S i m i l a r l y ,  i f  t h e  temperature d i f f e r e n c e  reading cannot be zeroed and 
t h e  Cup temperature reading i s  OK, check t h e  l e a f  t he rm is to r ' s  
connect ion t o  t h e  main PCB. I t ' s  res is tance can be checked a f t e r  
d isconnect ing t h e  two sensor head halves. A replacement i s  supp l ied  i n  
t h e  spares k i t ,  a l ready mounted i n  t h e  s i l i c o n e  rubber l e a f  pad. 

WARNING 

I F  YOU HAVE SELECTED THIS SCREEN TO CHANGE THE LIGHT SENSOR 
CALIBRATION FACTOR, OR JUST TO HAVE A LOOK ROUND, OR INSPECT 
THE SET SCREEN, AND YOU DO NOT WISH TO CHANGE THE CURRENT 
TEMPERATURE OFFSET, THEN LEAVE USING EX IT  INSTEAD OF GO. 
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Software crashes : How t o  rese t  

Try reset t ing the AP4's  computer i f  t h e  keys get stuck o r  you cannot 
turn i t  off .  

Resetting the AP4 does not, of i t s e l f ,  corrupt any stored readings. The 
display should return t o  the "Main Menu" screen and normal operation 
resume. 

Par t i a l ly  open the  case. Remove the  ribbon cable cover pla te ,  b u t  
do not unplug the r ibbon cable.  (See 1 0 . 2 )  

Remove the  4 screws on the  base of t he  case and s t a r t  t o  s l i d e  the  
chassis  assembly out of t h e  case. The ribbon cable length l imi t s  how 
f a r  you can withdraw the  chassis .  

Reset the  AP4 by short ing together  pins 4 & 6 of the  d i g i t a l  por t ,  
the 10-way connector on t he  r igh t  of the  main c i r c u i t  board, using a 
screwdiver or  metall ic implement. (see diagram) 

Re-assemble the  case. 

Page 116 



Troub 7e shoot ing 

SYMPTOM .- i e :  
- -- - 

CHECK / DO: REFER TO: 

DEAD 

STUCK 

No d i s p l a y  

Keys have no , e f f e c t  

Ba t te ry  voltage, connect ion 

Reset t he  CPU 

STUCK ON Can't  t u r n  o f f  Reset the  CPU 

RESETTING Jumps t o  s t a r t  

Shor t  l i f e  

Software, RS-232 connect ion 

High cu r ren t  consumption 
Old o r  abused b a t t e r y  
Keep t r y i n g ,  replace b a t t e r y  

BATTERY 
PROBLEMS 

Can ' t re-charge 

POOR 
READINGS 

R H 

Cup temperature 
Temp d i f f e r e n c e  

PAR 

Conductance o r  
Resistance 

Re-cal i bra te  
Clean RH sensor 
Check Cup the rm is to r  
Re-zero temp d i f f e r e n c e  
Check Leaf thermi s t o r  
Clean l i g h t  sensor sur face 
Set  L i g h t  Factor 
Reading procedure 
C a l i b r a t i o n  procedure 
Check cup seal 
Change t o  other  cup s i z e  

DATA LOSS 

OUTPUT 
PROBLEMS 

Data o r  notes l o s t  

Can't  communicate 

Low b a t t e r y  

Connections 
Parameters 
Handshaking 

PUMP 
PROBLEMS 

Can't  lower RH Renew desiccant 
Blocked a i r  p ipe  
Low b a t t e r y  
Change pump 
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How i t  works 

I WHAT HAPPENS I N  THE HEAD 11.1 

H HOW THE RESULTS ARE CALCULATED 11.2 

B I n t r o d u c t i o n  
I Montei th equation gives res is tance from t r a n s i t  t ime 
I Wood's equation describes cup absorpt ion 
I D i f f u s i o n  c o e f f i c i e n t  depends on pressure and temperature 
I Saturated vapour pressure grad ient  depends on cup-leaf 

temperature d i f f e rence  
I T r a n s i t  t ime depends on speed o f  RH sensor 

I Flow char t  o f  c a l i b r a t i o n  a lgor i thms 
I " " measurement a lgor i thms 

I HOW THE ELECTRONICS WORK 

I Sensor head 
I Main p r i n t e d  c i r c u i t  board 
I TDS 9092 computer card 
I Charging p r i n t e d  c i r c u i t  board 
I Power suppl i es 
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What happens i n  the head 
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What happens i n  the head 

The smal l  cup conta in ing  a  r e l a t i v e  humidi ty  sensor i s  clamped t o  a  
l e a f .  Water vapour emi t ted by the  l e a f  causes t h e  r e l a t i v e  humidi ty  
(RH) w i t h i n  the  cup t o  r i se .  The instrument t imes how long i t  takes 
the  RH t o  r i s e  by a  small increment, o f  2.3% RH. 

The l e a f  stomat,al res is tance i s  then automat ica l l y  ca lcu la ted ,  us ing  t h e  
a lgor i thms descr ibed i n  the. nex t  sec t ion ,  11.2. 

The inst rument  i s  c a l i b r a t e d  us ing a  c a l i b r a t i o n  p l a t e  w i t h  p r e c i s e l y  
made holes o f  known dimensions from which the  res is tance has been 
d i r e c t l y  c a l c u l a t e d  by f i n i t e  element ana lys is .  

The t r a n s i t  t ime  i s  found t o  depend s l i g h t l y  on t h e  RH h i s t o r y  w i t h i n  
the  cup. For t h i s  reason i t i s  necessary t o  repeat t h e  readings us ing  a 
cons is ten t  c y c l e  o f  humid i f i ca t i on  and des icca t ion  u n t i l  t h e  cond i t i ons  
i n  t h e  cup have s t a b i l i s e d .  Th is  u s u a l l y  takes about 3 o r  4 cycles.  

The cyc le  i s  produced by a  pump which blows d ry  a i r  i n t o  the  cup a f t e r  
each t i m i n g  measurement. I t  takes t h e  RH down about 5% RH below t h e  s e t  
l e v e l .  To minimise e r r o r s  t h e  instrument i s  cyc led  around ambient RH. 

SE'? a l s o  Appendix A : Design o f  t h e  AP4 

Page 121 



What happens in the head 

A TYPICAL  CYCLE 
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How the resu7ts are ca 7cu7ated 

I INTRODUCTION 

I EQUATIONS 

Monteith equation gives resistance from t r a n s i t  t ime 

Wood's equation describes cup absorption 

D i f f us i on  c o e f f i c i e n t  depends on pressure and temperature 

Vapour pressure gradient depends on cup-leaf 
temperature di f ference. 

T rans i t  t ime depends on speed o f  RH sensor 

i FLOW CHARTS 

Ca l ib ra t ion  a lgor  

Measurement a lgor  

i thms 

i thms 
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How the resu7ts a re  ca 7cu7ated 

INTRODUCTION 

The AP4 i s  s i m i l a r  t o  our p rev ious  porometers i n  t h a t  i t  uses a  
c a l i b r a t i o n  p l a t e  w i t h  6 s e t s  o f  pores o f  known res i s tance  and 
conductance. 

I n  t h e  pas t  t h e  c a l i b r a t i o n  p l a t e  was used t o  c rea te  a  graph f rom which 
t h e  user  cou ld  l o o k  up t h e  r e s i s t a n c e  corresponding t o  a  measured 
t r a n s i t  t ime.  When t h e r e  was a  s h i f t  i n  temperature t h e  opera to r  was 
encouraged t o  e i t h e r  r eca l  i ' b ra te  o r  app l y  a number o f  co r rec t i ons .  Wi th  
h i n d s i g h t  these  c o r r e c t i o n s  now appear t o  have been t o o  s imple.  I t  was 
a l s o  apparent t h a t  f r equen t  r e c a l i b r a t i o n  i n  t h e  f i e l d ,  w i t h  i t s  
l a b o r i o u s  manual redrawing o f  graphs, was t ed ious  and t ime consuming. 
Our main b r i e f  f o r  t h e  des ign o f  t h e  AP4 was t o  c ircumvent t h i s  w i t h  t h e  
use o f  a  microprocessor .  I n  f a c t  we have gone beyond t h i s ,  and t h e  
porometet- now con ta ins  a  t h e o r e t i c a l  model o f  i t s  own behaviour,  based 
on t h e  gas d i f f u s i o n  laws. I t  i s  now ab le  t o  compensate q u i t e  w e l l  f o r  
any temperature s h i f t s ,  and i s  q u i c k  and easy t o  r e c a l i b r a t e .  

Th i s  has been made p o s s i b l e  as a  r e s u l t  o f  t h e  work o f  Monte i th ,  
Campbell and P o t t e r  (1988) and Wood ( unpubl ished and summarised here i n  
Appendix A and B ) .  

Mon te i t h  e t  a7 a p p l i e d  gas d i f f u s i o n  t heo ry  t o  d e r i v e  an equat ion 
f o r  r e s i s t a n c e  i n  terms o f  t h e  t r a n s i t  t ime.  The i r  t h e o r e t i c a l  
model took  account o f  t h e  f i n i t e  response t i m e  o f  t he  humid i t y  sensor,  
t h e  abso rp t i on  o f  water vapour by t h e  cup w a l l s  and sensor, and t h e  
d i f f e r e n c e  between t h e  l e a f  and cup temperatures. They found t h a t  t h e  
t h e o r y  descr ibed  q u i t e  w e l l  t h e  s e n s i t i v i t y  and t h e  temperature 
c o e f f i c i e n t s  o f  t h e  Delta-T Mark 3 c y c l i n g  porometer. 

Wood has made s u b s t a n t i a l  a d d i t i o n a l  c o n t r i b u t i o n s  t o  t h e  t heo ry  o f  
c y c l i n g  porometry.  He has extended t h e  Monte i th  t heo ry  so t h a t  i t  can 
be implemented i n  t h e  AP4. He has a l s o  model led t h e  dynamic behaviour 
o f  t h e  porometer cup, us i ng  two-dimensional f i n i t e  element a n a l y s i s .  
Th i s  has improved our  understanding o f  t h e  dynamic behaviour o f  t h e  
vapour p ressure  g r a d i e n t  which d r i v e s  t h e  water  vapour across t h e  cup, 
and g i ven  us a  phys i ca l  i n s i g h t  i n t o  t h e  shape o f  t he  res i s tance  versus 
t r a n s i t - t i m e  graph. He has a l s o  r e f i n e d  t h e  c a l c u l a t i o n  o f  c a l i b r a t i o n  
p l a t e  va lues  u s i n g  three-d imensional  f i n i t e  element ana l ys i s .  

Wood extended t h e  Mon te i t h  t heo ry  by i n v e s t i g a t i n g  and c h a r a c t e r i s i n g  
t h e  temperature dependence o f  t h e  abso rp t i on  o f  water vapour i n  t h e  cup, 
and a l s o  t h e  behaviour  o f  t h e  RH sensor .  He has i n t e g r a t e d  these, and 
o t h e r  temperature dependent v a r i a b l e s ,  w i t h  t h e  Monte i th  equat ion.  The 
r e s u l t i n g  s e t  o f  a l go r i t hms  can be used t o  accu ra te l y  measure res i s tance  
over  an extended range w e l l  away f r om t h e  c a l i b r a t i o n  temperature.  

Wood's method s t i l l  r e q u i r e s  t h e  use o f  t h e  c a l i b r a t i o n  p l a t e .  Wi th  
e a r l i e r  c y c l i n g  porometers t h e  c a l i b r a t i o n  p l a t e  was used t o  manual ly  
cons t ruc t  a  graph o f  t r a n s i t  t-ime versus  res i s tance .  The res i s tance  o f  
an unknown l e a f  was then  manual ly read o f f .  Now t h e  c a l i b r a t i o n  p l a t e  
i s  used t o  c h a r a c t e r i s e  t h e  water  abso rp t i on  by each i n d i v i d u a l  cup, 
which i s  t hen  s u b s t i t u t e d  i n  t h e  M o n t e i t h  equa t ion  t o  au toma t i ca l l y  
c a l c u l a t e  t h e  res i s tance .  
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How the resu l ts  are ca7cu7ated 

Readings a r e  now v a l i d  f o r  modest excurs ions  away from the  ambient 
temperature e x i s t i n g  a t  c a l i b r a t i o n .  These c o r r e c t i o n s  ma in ta in  t h e  
accuracy of  readings t o  w i t h i n  220% f o r  temperature v a r i a t i o n s  o f  +1O0C 
and - 5 ° C  away from c a l i b r a t i o n .  This means you do not have t o  
reca 7 i b ra te  so o f ten as w i t h  ear7 i e r  porometers. 

C y c l i n g  porometry has been w e l l  e s t a b l i s h e d  as an exper imenta l l y  
v a l i d a t e d  technique f o r  many years,  and our  ins t ruments  have a  good 
r e p u t a t i o n  i n  t he  i n t e r n a t i o n a l  s c i e n t i f i c  community. The development 
o f  t h e  AP4 represents  a  profound improvement i n  t h e  t h e o r e t i c a l  
c r e d i b i l i t y  of c y c l i n g  porometry and t h e  use o f  c a l i b r a t i o n  p l a t e s ,  as 
an a l t e r n a t i v e  t o  t h e  steady s t a t e  method. 

The nex t  s e c t i o n  descr ibes  t h e  equat ions  used i n  t h e  t h e o r e t i c a l  model 
o f  t h e  pororneter: - 

R Mon te i t h  e t  a 1  equat ions f o r  r es i s tance  as a  f u n c t i o n  o f  
t r a n s i t  t ime.  

I Wood's equat ions f o r  cup abso rp t i on .  

I Temperature and pressure dependence o f  t h e  d i f f u s i o n  
c o e f f i c i e n t  o f  water  vapour, and i t s  e f f e c t  on 
r e s i  stance. 

I Temperature dependence o f  s a t u r a t e d  vapour pressure. 

I Vapour pressure g r a d i e n t  dependence on cup- leaf  
temperature d i f f e r e n c e .  

I RH and t r a n s i t  t ime  dependence o f  t he  RH sensor response 
t ime .  

It i s  f o l l o w e d  by f l o w  diagrams showing t h e  o rder  i n  which the  
va r i ous  equat ions a re  used when c a l i b r a t i n g  and when reading. 

See a l s o  : Appendix B - Test  Resu l t s ,  which expe r imen ta l l y  v a l i d a t e  
these a lgo r i t hms  

Page 125 



How the  resu7ts  a r e  ca7cu7ated 

THE MONTEITH ET AL EQUATION FOR TRANSIT T I M E  

If t h e  t ime constant associated w i t h  t h e  RH sensor i s  ignored, 
then t h e  dynamic behaviour o f  the  cup can be modelled as 
fo l l ows : -  

From Monte i th 's  equat ions 8a and 17 ( Monte i th et a7, 1988) 

where 6 t  = t r a n s i t  t ime  
D d i f f u s i o n  c o e f f i c i e n t  o f  wa 
r = res is tance o f  t h e  l e a f  
L cup length  
L' a  no t i ona l  e x t r a  cup length  

absorpt ion i n  t h e  cup. 
0 r e l a t i v e  humid i ty  
60 t h e  small increase i n  r e l a t  

e r  vapour i n  a i r  

t o  account f o r  moisture 

ve humidi ty  i n  t ime 6 t  

THE MONTEITH ET AL EQUATION FOR RESISTANCE 

We can reorganise t h e  above equation t o  express t h e  res is tance r 
i n  terms o f  t h e  t r a n s i t  t ime 6 t .  

6 t  (I-@) - 4 (L + L ' )  
r l e a f  . ..................... (2) 

( L t L ' )  6@ rr2 D 

L i s  known - 7mm 
@ i s  s e t  - t h e  RH se t  p o i n t  about which the  porometer cyc les  
6@ i s  s e t  a t  2.3XRH 
D i s  known, see below f o r  an equation 
6 t  i s  measured d i r e c t l y  by t h e  AP4 

The o n l y  unknown i s  t h e  term L ' ,  which represents t h e  amount o f  
water vapour absorbed d i r e c t l y  by t h e  cup w a l l s  ( expressed as an 
e x t r a  cup l eng th  ) .  

We determine t h i s ,  t he  w a l l  absorpt ion, by c a l i b r a t i n g  each 
porometer head w i t h  t h e  c a l i b r a t i o n  p l a t e ,  and then doing a l e a s t  
squares f i t ,  as described below. 
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How the resu7ts are ca 7cu7ated 

A Minor  Refinement t o  t h e  Monte i th Equations 

The above two equat ions conta in  t h e  f a c t o r : -  

Th is  f a c t o r  i s  i n  f a c t  an approximation, and a b e t t e r  value i s  
g iven by rep1 a c i  ng 

where I n  denotes logar i thm t o  t h e  base e 
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How the resu7ts are  ca7cu7ated 

WOOD'S EQUATION FOR CUP ABSORPTION 

A t  Delta-T John Wood has exper imenta l l y  determined what var iab les  
a f f e c t  Monte i th 's  cup length  parameter L '  associated w i t h  water 
absorp t ion  w i t h i n  the  cup. A summary o f  these experiments, 
v a l i d a t i n g  t h e  algori thms, i s  g iven i n  Appendix B. 

Wood a l so  inves t iga ted  the  performance o f  a dynamic model o f  a 
cup us ing  a 2-dimensional f i n i t e  element ana lys is .  Th i s  gave 
use fu l  and complementary i n s i g h t s  i n t o  t h e  e f f e c t s  o f  slow,sensor 
t ime constants on the curvature o f  t h e  res is tance versus f i a n s i t  
t ime curve. I t  a lso  helped i n  t he  redesign o f  the  cup, and i s  
summarised i n  Appendix A. 

These i nves t i ga t i ons  showed t h a t  L' depends both on t h e  cup 
temperature and the  t r a n s i t  t ime as fo l l ows : -  

where Tcup = cup temperature ( " C )  
6 t f  = corrected t r a n s i t  t ime - see below 

and where b(O), b(1) and b(2) are cons tants  c h a r a c t e r i s t i c  o f  
each head. They are determined a t  c a l i b r a t i o n  t ime as fo l l ows .  

Wood's equat ion i s  used both  when c a l i b r a t i n g  and when t a k i n g  a 
reading. When c a l i b r a t i n g ,  L'  i s  c a l c u l a t e d  f o r  a l l  6 p l a t e  
p o s i t i o n s  from the  corrected t r a n s i t  t imes 6 t f  by rearranging 
Monte i th 's  equat ion f o r  L ' .  The res i s tance  values used are the  
t h e o r e t i c a l  ( t r u e )  p l a t e  res is tances c a l c u l a t e d  f o r  t h e  known 
phys ica l  dimensions o f  the  c a l i b r a t i o n  p l a t e  pores, a t  t he  known 
cup temperature w i t h  compensation f o r  t h e  measured cup-leaf 
temperature d i f f e rence  6T. 

The AP4 then determines t h e  constants b(O), b(1) and b(2)  us ing 
l e a s t  squares best f i t  on a log- log  ve rs ion  o f  equat ion (4 ) .  

When t a k i n g  a measurement Wood's equat ion  i s  used t o  p r e d i c t  t he  
cup absorpt ion L' f o r  a measured t r a n s i t  t ime  and cup 
temperature. This  i s  subs t i t u ted  i n  Monte i th 's  equat ion (2)  t o  
o b t a i n  a res is tance.  This  res is tance i s  then cor rec ted  t o  t h a t  
f o r  an isothermal cup (6T.0). F i n a l l y  t h e  res is tance i s  
converted t o  the  u n i t s  requ i red  by t h e  user .  

Page 128 



How the resu l t s  are ca 7culated 

TEMPERATURE AND PRESSURE CORRECTION FOR THE D IFFUSION COEFFICIENT 
OF  WATER VAPOUR I N  A I R  :- 

The d i f f u s i o n  c o e f f i c i e n t  o f  water vapour i n  a i r  v a r i e s  w i t h  
temperature as fo l l ows  : 

( re ference Campbell 1977) 

The temperature and pressure dependence can be w r i t t e n  : 

1 . 7 5  

D = Do (Parkinson, 1985) ..... (5)  [:::::j F 
where Do i s  t h e  d i f f u s i o n  c o e f f i c i e n t  a t  temperature To 

and pressure PO 
and -' ' D i s  t h e  value a t  T and P 

Over t h e  range -5 t o  + 55°C t h e  f o l l o w i n g  l i n e a r  approximation i s  
adequate and i s  used i n  t h e  AP4 : 

P 

where T i s  i n  " C  and P i s  i n  hPa ( o r  mbar). 

We use equat ion (6)  w i t h i n  t h e  AP4. I n  chapter  8.2, i n  the  t u t o r i a l  
on t h e  temperature and pressure dependence o f  molar v e l o c i t y  
u n i t s ,  we r e f e r  t o  equat ion ( 5 ) .  

Page 129 



How the resu7ts are ca 7cu7ated 

RESISTANCE DEPENDENCE ON DIFFUSION COEFFICIENT 

From F i c k ' s  law F lux  D X concentrat ion grad ien t  

one can d e r i v e  t h e  f o l l o w i n g  r e l a t i o n s h i p  by i n t e g r a t i n g  w i t h  respect 
t o  d is tance 

Flux concentrat ion d i f f e r e n c e  

res is tance 

I n  o the r  words the  res is tance i s  i n v e r s e l y  p ropo r t i ona l  t o  t he  
t h e  d i f f u s i o n  c o e f f i c i e n t  D i n teg ra ted  over the  whole volume o f  
t h e  chamber. 

Th is  i s  expla ined i n  a  number o f  standard textbooks on 
environmental physics,  see f o r  instance Monte i th & Unsworth 
( 1990) 

The res i s tance  o f  t h e  c a l i b r a t i o n  p l a t e  i s  ca l cu la ted  a t  20°C a t  
an atmospheric pressure o f  1000 hPa (mbar) from t h e  known 
geometry o f  t h e  pores. 

The res i s tance  a t  o the r  temperatures i s  given by :- 

Combining t h i s  w i t h  equat ion ( 6 )  

where Tcup i s  i n  " C  
and P i s  atmospheric pressure ( i n  hPa o r  mbar ) 
and r (T )  i s  t h e  cup res is tance a t  temperature T i n  v e l o c i t y  

u n i t s .  

Th i s  equat ion can be used t o  conver t  measured res is tance values 
t o  o the r  temperatures and pressures. 

The porometer always g ives  you the  answer a t  t he  cup temperature 
and s e t  atmospheric pressure. 

See a l s o  chapter  8.2 : res is tance and conductance u n i t s .  
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How the resu 7ts are ca 7cu 7ated 

SATURATED VAPOUR PRESSURE DEPENDENCE ON TEMPERATURE 

I n  c a l c u l a t i n g  res is tance i t  i s  assumed t h a t  the  water vapour i n  
t h e  l e a f ,  o r  c a l i b r a t i o n  p l a t e ,  i s  a t  t h e  saturated vapour 
pressure. As po in ted  out  by Montei th, as reproduced i n  chapter 
8.4, t h i s  assumption i s  v a l i d  f o r  many p r a c t i c a l  purposes. 

Tables o f  water vapour pressure as a f u n c t i o n  o f  temperature are 
a v a i l a b l e  elsewhere ( L i s t  RJ 1971 Smithsonian Meteorological 
Tables, 6 th  ed. Washington DC, Smithsonian I n s t i t u t i o n  Press.) 

The porometer uses the  f o l  iow i  ng approximat ion ,  from Campbe1 l 
(1 977) 

SVP(T) = 10.26 exp [52.57 - 6790/(273+T) - 5.03 ln (273tT) l  . . ( 8 )  

where T i s  i n  " C  
and SVP i s  i n  hPa ( o r  mbar) 
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How t h e  resu7t.s a re  ca7cu7ated 

VAPOUR PRESSURE GRADIENT CORRECTIONS DUE TO CUP-LEAF TEMPERATURE 
DIFFERENCE 

The vapour pressure grad ien t  i s  t h e  appropr iate d r i v i n g  fo rce  t o  
use when t h e  l e a f ,  o r  p l a t e ,  and t h e  cup are not a t  t h e  same 
temperature. 

That i s  F lux  E = (Pl-P2)/r  X C 

where PI-P2 i s  t he  vapour pressure d i f fe rence,  
t he  res is tance r = rcup + r i e a f  

and C i s  a constant  o f  p r o p o r t i o n a l i t y .  

PI i s  taken as the  sa tura ted  vapour pressure o f  water vapour i n  
a i r  a t  T i  e a f  . 

where g5 i s  t h e  r e l a t i v e  humidi ty  i n  the  porometer cup. 

So t h e  f l ow  by d i f f u s i o n  o f  water vapour i n t o  the cup depends on 
the  vapour pressure d i f f e r e n c e  d i v ided  by the  res is tance.  I f  
the  l e a f  i s  coo le r  than t h e  cup, t h e  porometer w i l l  record t h e  same 
t r a n s i t  t ime  as from as another l e a f  o f  h igher  res is tance a t  t he  
same temperature as the  cup. 

We can t h e r e f o r e  se t  up the  f o l l o w i n g  simultaneous equat ions: 

E/C [ SVP(T1eaf) - X SVP(Tcup) I 

[ r l e a f , 6 T = 0  + r c u p  ] 
and 

These can be rearranged and solved together  t o  convert  between 
measured res is tances  and what t he  res is tance would be i f  6T = 0. 

Measured res is tances  are always adjusted and quoted t o  be t h a t  
which would be measured a t  isothermal condi t ions.  
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How the  resu7ts a re  ca7cu7ated 

Case 1 : Using C a l i b r a t i o n  P la te ,  i e  Resistance Known. 

When c a l i b r a t i n g ,  we know t h e  res is tance o f  t h e  c a l i b r a t i o n  p l a t e  
f o r  6T = 0 .  The res is tance the  porometer de tec ts  f o r  any given 6T 
can be found by rear rang ing  the.above equat ions t o  g i ve  : 

where r r e f  known ( t h e o r e t i c a l  o r  ' t r u e '  ) reference 
c a l i b r a t i o n  p l a t e  res is tance 
a t  cup temperature 
assuming no temperature grad ien t  

rcup = res i s tance  o f  the  porometer cup 

Case 2 : Measuring a l e a f ,  i e  Resistance unknown 

I f  the  porometer i s  measuring a p a r t i c u l a r  unknown res is tance,  
a t  a measured 6T, then t h e  res is tance it would measure assuming 
no temperature g rad ien t  i s  given by 

( Footnote : H i s t o r i c a l l y  we have c a l l e d  t h i s  t he  6T co r rec t i on )  

CUP RESISTANCE 

I n  bo th  cases above t h e  cup res is tance i s  g iven by 

This i s  der ived i n  Monte i th  e t  a7, (1988) 
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How the resu7ts are ca7cu7ated 

CORRECTION FOR THE RH SENSOR TIME CONSTANT (r) 

The response t ime -cs o f  the  RH sensor i s  f i n i t e ,  and i s  
temperature dependent. 

where T i s  i n  " C  

( T h i s  equa t i on  was d e r i v e d  f r o m  i n f o r m a t i o n  s u p p l i e d  by  t h e  
manufacturer Vai s a l  a. ) 

We have determined an equat ion which c o r r e c t s  the  t r a n s i t  t ime 
f o r  t he  f i n i t e  response t ime o f  t h e  RH sensor:- 

6 t f  = 6tm [ I - 1.5 exp - am l o a 7  ] . ( 1 2 )  

(1-@-0.023)2 155 * TS 

where 6 t f  = cor rec ted  t r a n s i t  t ime  - 
t h a t  would be seen by a  p e r f e c t l y  f a s t  sensor 
measured t rans i  t t ime  
RH sensor t ime constant  a t  temperature T 
RH c y c l i n g  l e v e l  - t h e  "Set RH" p o i n t  
RH r i s e  over which t h e  t r a n s i t  i s  t imed. 

Thi S equat ion was der ived semi-empi r i c a l  l y  assuming t h a t  t he  
r e l a t i v e  humidi ty  du r ing  a  c y c l e  i s  d r i v e n  5% below the  RH se t  
p o i n t ,  and the re  i s  no overshoot i n  t h e  d r y i n g  down p o r t i o n  o f  t h e  
cyc le .  Fur ther  explanat ion i s  g iven below. 

We f i n d  t h a t  t h i s  equat ion works w e l l  over t he  range o f  
cond i t i ons  we encounter i n  p r a c t i c e .  

The sensor response t ime can account f o r  up t o  h a l f  t h e  ac tua l  
t r a n s i t  t ime i n  some cond i t ions .  
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How the resu7ts are ca 7cu 7ated 

DERIVATION OF RH SENSOR TIME CONSTANT CORRECTIONS 

Schematic graph showing the  t r u e  and measured RH i n  t h e  cup. 

The d i f f e r e n c e  between t h e  two curves i s  due t o  the  f i n i t e  
response t ime o f  the  RH sensor. 

/ 

t i  t t  T I M E  

D e f i n i t i o n s  

RH ind ica ted  by sensor 
ac tua l  RH a t  t h e  sensor 
t r a n s i t  t ime measured by sensor 
( f rom RH s e t  p o i n t  @ s e t  t o  @ s e t  + 2.3%) 
cor rec ted  t r a n s i t  t ime 
t h a t  would be seen by a  p e r f e c t l y  f a s t  sensor 
t ime constant o f  RH sensor 
t ime constant o f  RH r i s e  i n  t h e  cup 
t ime 

Assume t h a t  t h e  ind ica ted  minimum RH i s  c o n t r o l l e d  t o  @set-0.05, 
and t h a t  t = 0  when @ i n d  i s  a  minimum. 
A lso  t h a t  t h e  ac tua l  RH i n  t h e  cup fo l lows an exponent ia l  curve. 

then @ a c t  = 1  - A e x p ( - t / ~ )  

S e t t i n g  t 0  when @ = @ s e t  - 0.05 
i t can be shown t h a t  A = 1 -(@set-0.05) 

S i m i l a r l y ,  s e t t i n g  t = ta when @ = @ s e t  

and t = t b  when = f l s e t t 0 . 0 2 3  

and d e f i n i n g  6 t f  = t a - t b  

then i t  can be shown t h a t  6 t f  = r In(RHfactor) ......... (13 )  

where RHfactor = l - @ s e t  
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How the resu 7ts are ca 7cu7ated 

@ i n d  i s  described by the  d i f f e r e n t i a l  equat ion 

This g ives g i n d  1  - K A exp ( - t / r )  - KS A exp( - t / rs )  1 

Let us de f i ne  6tm = t 2  - tl 

Equations 14 and 15 were solved i t e r a t i v e l y  (us ing  the  Newton 
Raphson method) f o r  tl and t n  f o r  va lues o f  r ,  TS, @ s e t  covering 
the  range o f  AP4 opera t ing  cond i t i ons ,  and 6 tm( tz - t1 )  compared 
w i t h  6 t f .  

An empi r ica l  r e l a t i o n s h i p  was then found which -p red ic ted  6 t f  
from 6tm w i t h  e r r o r s  l e s s  than  + l 0  ms over t he  .whole range. 

Th is  i s  t he  RH sensor t ime  constant  c o r r e c t i o n  - equation (12) :- 

6 t f  a tm  1  - 1.5 ( I - @ ) Z  exp -I a. lo7 1 (1-@-0.023)2 155 * K s  

A graph of t h e  c o r r e c t i o n  f o r  @ s e t  0.5 ; K S  = 0.4 S ( a t  25°C) 
i s  given below. 
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HOW t he  resq7ts are  ca7cu7ated 

GRAPH OF A TYPICAL TRANSIT TIME CORRECTION 

Transit time correction 
at RH 50% 25°C 

0 100 200 300 400 500 600 700 800 900 1000 

Indicated transit time ms 
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HOW the  resu7ts a re  ca 7cu7ated 
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How the resu7ts are ca7cu7ated 
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How the e 7ectron ics work 
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How the e 7ectron ics  work 

The AP4 i s  a t  l e a s t  an order o f  magnitude more soph is t ica ted than 
prev ious  porometers. The sensor head conta ins  sur face mount technology 
and t h e  case conta ins  a microprocessor. 

Th is  sec t i on  g ives a broad'overview o f  how t h e  e lec t ron ics  hardware 
works. 

It does n o t  exp la in  how t o  do repa i rs .  

Only experienced e lec t ron ics  s p e c i a l i s t s  w i l l  f i n d  i t  usefu l .  

E Sensor head 

I Main p r i n t e d  c i r c u i t  board 

I TDS 9092 microprocessor board 

E Charging p r i n t e d  c i r c u i t  board 

B Power supp l ies  

I Power r a i l s  

See a l s o  Trouble shooting tab le ,  Chapter 10.12, a l so  on the  laminated 
p l a s t i c  Quick Guide. 

See a l s o  C i r c u i t  Diagrams, Chapter 12. 
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How the e 7ectronics work 

SENSOR HEAD 

The Re la t i ve  Humidity sensor capac i to r  i s  exc i t ed  by a  I . 2 M H z ,  0  t o  
2.5 V o l t  square-wave from IC2. The d iode r i ng ,  D1, gives a  vo l tage 
v i a  t h e  f i l t e r ,  R1/C2, p ropo r t i ona l  t o  t h e  d i f f e rence  i n  capacitance 
between C3 and t h e  RH sensor. The Op-amp, IC1 scales t h i s  t o  0-2.5V 
f o r  0-100% RH, w i t h  adjustment f o r  0% RH by VR2 and gain by VR1. 

The cup & l e a f  t he rm is to rs  (100kR a t  25"C), together  w i t h  R9, R I O ,  
p rov ide  temperature-dependent vo l tage outputs.  

The Pho tosyn the t i ca l l y  A c t i v e  Radiat ion sensor, a  photo-diode, emits a  
c u r r e n t  p ropo r t i ona l  t o  t h e  i n c i d e n t  PAR. A c a l i b r a t i o n  f a c t o r  f o r  the 
i n d i v i d u a l  sensor i s  h e l d  i n  sof tware and needs changing i f  the  sensor 
head i s  changed ( see Chapter 10.8 ) .  

MAIN PRINTED CIRCUIT BOARD 

Analogue s i g n a l s  from t h e  sensor head are  condi t ioned t o  vol tages i n  
range 0  t o  2.5V range. Ex t ra  s igna ls  are der ived f o r :  

Change i n  RH by d i f f e r e n t i a t o r ;  IC3b. 
Temperature d i f f e r e n c e  by d i f f e r e n t i a l  a m p l i f i e r ,  IC4a,b,d. 
Ba t te ry  v01 tage by p o t e n t i a l  d i v i d e r ,  R17,18. 

The s igna ls  a r e  se lec ted  by t h e  mu l t i p lexe r ,  IC6 and then measured by 
the  10 b i t  A/D conver ter ,  IC5. 

A spare i npu t  channel ( M u l t i p l e x e r  address 6 ) ,  together  w i t h  power 
supp l ies  and a  spare d i g i t a l  i / o  p o r t  are a v a i l a b l e  on the analogue 
expansion p o r t .  (See connector p inouts)  

The t r a n s i t  t ime  f o r  t h e  RH t o  r i s e  between se t  values i s  measured by 
comparing t h e  f i l t e r e d  RH vo l tage  w i t h  t h e  D/A conver ter  (IC9) output .  
When t h e  RH vo l tage  reaches t h e  D/A vo l tage,  t h e  comparator, IC3b, 
i n t e r r u p t s  t h e  TDS9092 microprocessor,  s t a r t i n g  o r  s topping a  t imer .  

I n  t he  d i g i t a l  sec t ion ,  most components are p rov id ing  extensions t o  t h e  
TDS9092 computer card.  The RAM ch ip ,  IC12, provides memory f o r  t he  
readings & notes. I t  i s  powered from t h e  "+3VV power r a i l ,  o r i g i n a t i n g  
from IC13, t h a t  remains powered up when t h e  AP4 i s  o f f .  The Real Time 
Clock, IC14, i s  a l so  powered from "t3V" and adjusted by VC1. 
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How the  e 7ectron ics work 

TDS 9092 MICROPROCESSOR CARD 

T h i s  m i n i a t u r e  computer ca rd  c o n t a i n s  a  6303 CPU, a  l a r g e  Gate Ar ray ,  
workspace RAM, RS232 p o r t ,  EEPROM ( s t o r i n g  c a l  i b r a t  i o n  f a c t o r s  e t c .  ) 
and t h e  AP4 sof tware i n  EPROM. The gate a r ray  con ta ins  a  watch-dog 
t i m e r  t h a t  r ese t s  t h e  CPU i f  a  program crash occurs.  

The MAX666's Low Ba t t e r y  Output  r e s e t s  t h e  CPU i f  t h e  BATt vo l t age  f a l l s  
below 5.8 V o l t s .  

P ress ing  t h e  square b u t t o n  ' i n  t h e  co rne r  o f  t h e  TDS board o r  connec t ing  
t o g e t h e r  p i n s  4  & 6  o f  t h e  D i g i t a l  P o r t  a l s o  rese t s  t he  system. 

RS-232 (+9V) s e r i a l  ou tpu t s  and i n p u t s  a re  prov ided f o r  sending s t o r e d  
read ings  t o  a  computer o r  p r i n t e r .  Handshake i n p u t  & ou tpu t  s i g n a l s  
a r e  ava i  l a b l e ,  i f  necessary,  and a r e  connected t o  app rop r i a te  p i n s  on 
t h e  25-way D connector by jumpers, J3 & J4. (see Chapter 6.6) 

The TDS9092 connector p i n s  a r e  each numbered w i t h  a  lower case l e t t e r  
and a  number. (eg: a12, n o t  t o  be confused w i t h  A12, Address b i t  12) 

CHARGING PRINTED CIRCUIT BOARD 

T h i s  smal l  PCB has a  LM317 r e g u l a t o r ,  I C I ,  t o  s t a b i l i s e  t h e  Charge i n p u t  
Vo l t age  t o  10.1 V o l t s  a t  t h e  p o i n t  marked "Vreg." 

WARNING This vo l tage i s  s e t  by VRI, " V  ADJ" ,  and must not be se t  
t oo  h igh, o therw ise  b a t t e r y  over-charg ing may r e  lease 
exp l OS i ve hydrogen/oxygen m i x t  ures . 
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How the e7ectronics work 

POWER SUPPLIES 

The re-chargeable  Lead-Acid b a t t e r y  i s  t h e  AP4's o n l y  source o f  power. 
I t  i s  connected v i a  a r e - s e t t a b l e  the rma l  fuse, FSI.  I f  t h i s  i s  h o t ,  
t h e r e  i s  a s h o r t - c i r c u i t  somewhere. The b a t t e r y  c u r r e n t  can be 
measured by r e p l a c i n g  t h e  jumper P I ,  P2 ( d i g i t a l  p o r t ,  p i n s  1 & 2 )  
w i t h  an ammeter. When t h e  pump comes f u l l  on, t h i s  c u r r e n t  r i s e s  t o  
o v e r  1 A, and t o  measure t h i s  t h e  mete r  impedance must be l e s s  t h a n  1R 

The AP4 i s  t u r n e d  OFF by t h e  c o n t r o l  s i g n a l ,  "ShutDown" b e i n g  p u l l e d  
h i g h  by R20, c u t t i n g  o f f  a i l  power excep t  t h e  "t3V" r a i l  v i a  IC13. 

The "ON" b u t t o n  p u l l s  "SHDN" low,  a c t i v a t i n g  t h e  o t h e r  power r a i l s  by 
t u r n i n g  on TR2 and e n a b l i n g  IC11 and t h e  MAX666 on t h e  TDS9092. 
P o r t  P52 s h o u l d  then  go h i g h ,  under  s o f t w a r e  c o n t r o l ,  t u r n i n g  on TR3, 
h o l d i n g  "SHDN" low u n t i l  t h e  AP4 s w i t c h e s  o f f .  

The AP4 can a l s o  be sw i t ched  on a t  a programmed t i m e  by IC14, v i a  TR6. 

POWER RAILS 

NAME SOURCE 

PUMP+ B a t t e r y  

BAT+ B a t t e r y  
SW BAT+ B a t t e r y  

V E E  IC10 

DESCRIPTION VOLTAGE 
L i m i t s  

AP4 Power 7 .6  - 8.4 
V i a  f u s e  7.4 - 8.4 
( I  measured 4 - 8.4 

@ P1/P2) 7 .6  - 9.4 

To d i g i t a l  ICs .  4.75 - 5.25 
To ana log  I C s .  4.75 - 5.25 

f i l t e r e d  7.1 - 8.4  
Switched BAT 7.6 - 8 .4  

TO RAM, RTC. 4.5 - 5.0  
2.7 - 3.0 

TO LCD -6 - - l l V  

CURRENT CONDITIONS 
T y p i c a l  

50 mA AP4 On, Pump O f f  
0.5 A Pump On F u l  l 
20 HA AP4 O f f  

-0.5 A max Charger On 

40 pA AP4 On 
20 pA AP4 O f f  . 

2 mA AP4 On, Se t  
by LCD C o n t r o l  
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C i r c u i t  Diagrams 

Analogue 

D i g i t a l  

TDS9090 For th  Computer 

Charge PCB 

Main PCB 

Block Diagram 

Head C i r c u i t  

Page 145 



AP4 Analogue Circuit Diagram 
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B lock C i r c u i t  Diagram 
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Component List 

(From reference document AP4-PL-01-3) 

MAIN PCB MOD No: 6 
* 

No. Value Tolerance % 

RESISTORS R1 1 OR 1% 
430K 
510K 
4.7K 
4.7K 
220R 

1 K 
100K 
100K 

1 K 
100K 
1M 

100K 
680K 
100K 
1 OR 
100R 
100R 
IOOR 
100R 
100R 
100R 
100R 
100R 
100R 
100R 
100R 
100R 

1 K 
1 OR 
5.6K 
2.2K 
1 OR 
10R 
39K 
100K 
1 OK 
1 OK 
68K 
68K 
1 OK 
100K 
100K 
5.6M 
l OOK 
300K 
750R 
1 OK 
1 OK 
l OOR 
IOOR 
100R 
l OOR 
l OOR 
IOOR 
100R 
3.3K 
1 OK 
1 OR 
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Component List 

P ------p-- 

R. NETWORK RN1 4.7K 8 Res SIL- 

THERMISTOR TM 1 33K 10% 

CAPACITOR C1 TANT. 16V 1 0J.l 
47J.l 
47J.l 
47P 
1 0J.l 
1 0J.l 
47J.l 
47J.l 
47J.l 
47J.l 
47J.l . 
47J.l 
47J.l 
47J.l 
47J.l 
47J.l 
47J.l 
47J.l 
47J.l 
47J.l 
220J.l 
47J.l 
47J.l 

1 ooop 
47P 
1 J.l 

220p 
47J.l 
1 0J.l 
47J.l 
47J.l 
47J.l 
47J.l 
47J.l 
47J.l 
1 0J.l 
4 7 ~  
47J.l 

220J.l 
1 0J.l 
47J.l 
47J.l 

SKYCAP 
SKY CAP 
SKYCAP 

TANT, 16V 
TANT, 1BV 
SKYCAP 
SKYCAP 
SKYCAP 
SKYCAP 
S KYCAP 
SKYCAP 
SKYCAP 
S KYCAP 
SKYCAP 
SKYCAP 
SKYCAP 
SKYCAP 
SKYCAP 
SKYCAP 

ELEC, 25V 
SKY CAP 
SKY CAP 
CERAMIC 
SKYCAP 

M KS2 
CERAMIC 
SKYCAP 

TANT, 16V 
SKYCAP 

TANT, 6V3 
SKYCAP 
SKYCAP 
SKYCAP 
SKYCAP 

TANT, 16V 
SKYCAP 
SKYCAP 

ELEC, 25V 
TANT, 16V 
SKYCAP 
SKYCAP 

TRIM-CAP VC 1 5-25P CERAMIC 

INDUCTOR lNDl 4.7mH 

ICs IC1 REF43GP 
2 MAX666CPA 
3 MAX666CPA 
4 TLC27M2CP 
5 AD7579JN 
6 TLC7524CN 
7 74HC14 
8 PCF8573P 
9 TLC27L4CN 
10 74HC32 
11 RC4391 NB 
12 HM62256LP112 
13 74HC4078 
14 74HC245 
15 TLC27L4CN 
16 MC4051 

TRANSISTOR TR 1 BSI 07 
2 BSI 07 
3 BSI 07 
4 STPI 5N05L 
5 STPI 5N05L 
6 ZVP2106A 
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Component List 

- ---- 
DIODE 

- 
D1 BAT85 
2 BZX85C20 
3 BZX85C20 
4 BAT85 
5 IN4148 
6 BAT85 
7 BAT85 
8 BAT85 

9 - 2 4  IN4148 

CRYSTAL XT1 32kHz WATCH 

FUSE FS l THERMAL 
FUSE --- - 

BUZZER S 1 AL-175 

HEAD BOARD : Par ts  l i s t  f o r  :- AP4-PC-02-R3 (Main head) 

The Head p a r t s  a re  s m a l l  s u r f a c e  mount ones and we do n o t  
recommend f i e l d  replacement. They 2 re  l i s t e d  below f o r  re ference.  

TLC27 1 A m p l i f i e r  
LMC555CM O s c i l l a t o r  
DRING 5082 2830 Detector  
Va isa la  HMI518 RH Sensor 
M&M 100k6MCOX Chamber thermi s t o r  
T&B FB5CJ1.25A Inter-PCB cable 

look 
l OOR 
12k 
4k7 
1k 
47k 
470k 
82k 
500k 
2k 
1 On 

C0805 
C0805 
C0805 
C1206E 
0.1" p i t c h  
C0805 

Par ts  l i s t  f o r  :- AP4-PC-03-R3 (Top head) 

SW1 Swi tch  Rad i a t  ron  1241-1111-6-9 
TH1 Thermistor  M & l4 100k6MCDX 
CN l 5w Connector Mol ex 90121-5w 
LD 1 PAR l i g h t  sensor Cen t ron ics  CP1511C 
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Connectors 

I DC 
PIN FUNCTION I D C  P i n l :  t o p  l e f t  

POT, WIPER 
POT, - 
POT, t 

BAT+ 
GrouND 
HEAD Sw i t ch  
t5V AN 
LEAF Thermis to r  
GrouND 
CUP Thermis to r  
R H 
2V5 
LIGHT 
Analog GrouND 

CONNECTION t o  HEAD Lead: 

PIN W I R E  COLOUR 
............................. 

3 ORANGE 
1 BROWN 
6 GREY 

Sc r Screen 
4 YELLOW 
8 BLACK 
2 RED 
7 WHITE 
5 BLUE 

LID t o  M A I N  PCB: 26-WAY I D C  / RIBBON 
---------------- 

IDC LCD 
PIN PIN FUNCTION I D C  P i n l :  l ower  l e f t  
........................................................ 

1 1 8 D 7  
2 1 7 D 6  
3 1 6 D 5  
4 1 5 D 4  
5 1 4 D 3  
6 1 3 D 2  
7 1 2 D 1  
8 11DO 
9 l 0  /RST 
10 9 No Connect ion 
11 8 A0 
12 7 /CE f o r  LCD 
13 6 /RD 
14 5 /WR 
15 4 Vee, -6 t o  -10V 
16 3 t5V 
17 2 GrouND 
18 1 GrouND ( LCD p i n s  19 ,20: NC.) 

LID Membrane Keys 
19 1 GrouND 
20 2 ON KEY To SHutDowN 
21 3 KEY EXCITE: PB6 
22 4 KEY EXCITE: PB5 
23 5 KEY EXCITE: PB7 
24 6 KEY READ 5 To D5 
25 7 KEY READ 7 To D7 
26 8 KEY READ 6 To D6 

( L i d  Membrane p i n s  9, 10: no connec t ion )  
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Connectors 

QUERTY t o  MAIN PCB: 17-way S I L  

SIL P in  FUNCTION P i n l :  r i g h t  
........................................................ 

1 SHIFT KEY To P26 
2 GrouND 
3 KEY E X C I T E :  PBO 
4 KEY EXCITE: PB1 
5 KEY E X C I T E :  PB2 
6 KEY EXCITE: PB3 
7 KEY EXCITE: PB4 
8 KEY E X C I T E :  PB5 
9 KEY E X C I T E :  PB6 
10 KEY E X C I T E :  PB7 
11 KEYPAD READ 1 To D1 
12 KEYPAD READ 2 To D2 
13 KEYPAD READ 3 To D3 
14 KEYPAD READ 4 To D4 
15 KEYPAD READ 5 To D5 
16 KEYPAD READ 6 To D6 
17 KEYPAD READ 7 To D7 

RS232 t o  M A I N  PCB: 16-way DIL 

I D C  Dcon FUNCTION I D C  P in  1: Top L e f t  

1 1 GrouND 
2 14 /RESET 
3 2 R E C E I V E D D A T A  
4 15NC 
5 3 TRANSMITTED DATA 
6 16NC 
7 4 RTS, HANDSHAKE I N  
8 17NC 
9 5 HANDSHAKE OUT 
10 18 NC 
11 6 HANDSHAKE OUT 
12 19 NC 
13 7 GrouND 
14 20 DTR, HANSHKE I N  
15 8 HANDSHAKE OUT 
16 21 NC 

Short t o  p in1  t o  Reset AP4 
I n t o  AP4 

From AP4 

I F  Jumper 3, p o s i t i o n  "a"  

I F  Jumper 4, p o s i t i o n  "a"  

I F  Jumper 4, p o s i t i o n  "a"  

I F  Jumper 3, p o s i t i o n  "b "  
I F  Jumper 4, p o s i t i o n  "a"  

DIGITAL PORT : 10-Way I D C  - MAINLY FOR TEST 
------------ 

I D C  P in  FUNCTION I D C  P in  I: Bottom L e f t  

From BAT+ ] Jumpered t o  2:  
PUMP+, t o  c i r c u i t s  : f o r  c u r r e n t  measurement 
SHut DOWN Connection t o  GND switches ON 
GrouND 
P53 Spare D i g i t a l  In/Out 
/RESET Connection t o  GND Resets 
PA2 I 

l 

PA 3 : Spare D i g i t a l  Outputs 
PAO I 

I 

PA 1 I 
I 
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Connectors 

1 GrouND 
2 t2V5 
3 Spare ANalog i n p u t  
4 N C 
5  DA C 
6 t5VAN 

Analog Ground 
Reference Vo l tage  
On M u l t i p l e x e r  Address 2 

DAC Ou tpu t ,  0-2V5, 8 b i t s  
t5V,q5% @ 30mA 
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Spares 8 Consumables 

SPARES KIT: Type PSKl 

ITEM 

Lid ribbon cable 
Pump Assembly 
Air inlet airline 
Air outlet airline 
Case hinge X 2 
Lid gasket 
Nuts, bolts and rivets 
Charger board cable 
Qwerty board cable 
25 (male) to 9 (female) pin adaptor 
Universal RS232 Cable assembly 
Desiccant in container tube 
Cup insert X 2 
Cup seal X 2 
Cup gasket 
Cup RH sensor 
Cup thermistor 
Head flexible connector 
Head Go button 
Leaf pressure pad and thermistor 
Head cable assembly 
Charge socket 
Calibration plate 
Pouch for calibration plate 
Glue 
Glue 
Glue 
Glue 
User manual 

CONSUMABLES KIT: Type PCKl 

Calibration pad 
Silica gel crystals 
Tape 
Cup seal 
Cup insert 
Cup gasket 
Silica gel container tube 
Screws X 2 

DETAILS 

Whisper 200 or AP50 

3rnrn ERC X 700mrn 
Assorted 

white polypropylene 
grey silicon rubber 
white silicon rubber 

white polypropylene 

Araldite 
White silicon rubber 
Clear silicon rubber 
Clear silicon rubber 

Packet of 100 
5009 

M4 X 8mm nylon 

A P4 User Manual, version 2.1 update Page 159 



Spares  & Consumab 7es 

OTHER OPTIONAL ACCESSORIES 

One barometer, wr is twatch type PBRI . 

Spare sensor head, type PSH1. 

Spare AP4 re-chargeable ba t te ry ,  type PSBl 

Charger f o r  AP4 ba t te ry ,  spec i f y  240V, 220V o r  110 V. 
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Service & Guarantee 

SERVICE 

We recognise t h a t  some users o f  our instruments may n o t  have easy access 
t o  t e c h n i c a l l y  spec ia l i sed  support. 

Should i t  be necessary, instruments may be returned t o  our works f o r  
se rv i c ing .  We normal l y expect t o  complete repai  r s  o f  our instruments 
w i t h i n  two work ing days o f  rece iv ing  t h e  equipment. 

Contact us f i r s t  be fore  sending any repa i rs .  

Users o f  our equipment i n  count r ies  which have a Delta-T agent o r  
Technical Advisor  should contact  them i n  the  f i r s t  instance. 

GUARANTEE 

Instruments manufactured by Delta-T are guaranteed f o r  one year aga ins t  
de fec ts  i n  manufacture o r  ma te r ia l s  used. The guarantee does not  cover 
damage through misuse o r  inexpert  se rv i c ing ,  o r  other  circumstances 
beyond our c o n t r o l .  

For t h e  U.K. t h i s  means t h a t  no charges are made f o r  labour, m a t e r i a l s  
o r  r e t u r n  c a r r i a g e  f o r  guarantee repai  r s .  

For o ther  coun t r i es ,  t h e  guarantee covers f r e e  exchange o f  f a u l t y  p a r t s  
du r ing  t h e  guarantee per iod.  A l t e r n a t i v e l y ,  i f  the  equipment i s  
returned t o  us f o r  r e p a i r  under guarantee, we make no charge f o r  labour 
o r  ma te r ia l s  b u t  we do charge f o r  car r iage and U.K. customs clearance. 

We s t r o n g l y  p r e f e r  t o  have such r e p a i r s  discussed w i t h  us f i r s t ,  and i f  
we agree t h a t  t h e  equipment does need t o  be returned, we may a t  our  
d i s c r e t i o n ,  waive these charges. 
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Des ign 

T h i s  s e c t i o n  describes the  i n s i g h t s  ~ r o d u c e d  as a r e s u l t  o f  
mode l l i ng  the  dynamic behaviour-of t h e  ear l ier ,AP3,  
2-dimensional f i n i t e  element ana lys is .  

I t  a l s o  describes the refinement o f  t h e  c a l c u l a t i o n  
o f  t h e  c a l i b r a t i o n  p l a t e  us ing  3-dimensional f i n i t e  
ana lys i s .  

cup by us ing  

o f  the.  values 
e l ernent 
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Des ign 

MODELLING OF CUP PERFORMANCE 

A computer model o f  t h e  Mk 3 porometer cup was created,  u s i n g  t h e  
method o f  f i n i t e  element a n a l y s i s .  I t  inco rpo ra ted  a  2 
d imensional  r e p r e s e n t a t i o n  o f  t h e  head geometry, v a r i a t i o n s  i n  
l e a f  r es i s t ance ,  d r y  a i r  f l o w ,  and sensor response t ime .  The 
model c a l c u l a t e d  t h e  RH th roughou t  t h e  c y c l e  a t  every  p o i n t  on a  
0.5 mm g r i d  on a  s e c t i o n  t h rough  t h e  cup. 

I n  t h i s  e a r l i e r  des ign  t h e  d r y  a i r  was f e d  i n  f rom t h e  s ide.  

A t y p i c a l  s e t  o f  RH contour  maps a t  d i f f e r e n t  t imes  th rough  t h e  c y c l e ,  
i s  shown oppos i t e .  
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Des ign 

Section through 

Plot of RH contours 

air 

"\dealn cup 

Leaf surface 

RH 

air out 

AP3 cup RH sensor Start of humidification cycle 

. . . . . .  1 : : : : : : : :  . . . *  

AP3 cup End of humidification 
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Des ign 

The c a l i b r a t i o n  curves produced by t he  f i n i t e  element a n a l y s i s  o f  t h e  
cup model a r e  shown oppos i te .  (These assume t h e  res i s tance  va lue  i s  
known p e r f e c t l y ,  and should no t  be confused w i t h  t he  t heo ry  and 
c a l c u l a t i o n  o f  r es i s tance  va lues given below).  

POINTS OF INTEREST 

I There i s  a  s i g n i f i c a n t  g rad ien t  a long  t h e  cup due !to t h e  
d i r e c t i o n  o f  t h e  d r y i n g  a i r f l o w .  

B T h i s  accounts f o r  some o f  t h e  bend i n  t h e  c a l i b r a t i o n  curve.  

I The f i n i t e  response t ime  o f  t he  sensor a l s o  c o n t r i b u t e s  t o  t h e  
bend i n  t h e  curve.  

U The Mon te i t h  e t  a1 t heo ry  g ives  t h e  same l i n e a r  curve as t h e  
model w i t h  an " i d e a l  cup" i e  s t a r t i n g  f rom a  un i f o rm  RH o f  0% 
th roughout  and w i t h  an RH sensor w i t h  zero  response t ime.  

B A r e a l  cup i s  s i g n i f i c a n t l y  slower than t h e  model. Th i s  appears 
t o  be due t o  t h e  e f f e c t s  o f  water abso rp t i on  on t h e  sur face  
w i t h i n  t h e  cup, which was no t  inc luded  i n  t h e  f i n i t e  element 
a n a l y s i s  model. 

H The Mon te i t h  e t  a1 t heo ry  can be a p p l i e d  t o  t h e  d iscrepancy 
t o  c a l c u l a t e  t h e  mass o f  water absorbed by t h e  w a l l s  o f  t h e  cup. 
It t u r n s  ou t  t o  be a  few micrograms. 

CONSEQUENCES 

The AP4 cup has been designed t o  in t roduce  t h e  d r y i n g  a i r  i n  t h e  oppos i te  
d i r e c t i o n  t o  t h e  RH g rad ien t ,  r a t h e r  than perpend icu la r  t o  i t .  Th i s  
produces more un i form cup cond i t i ons ,  reduces t h e  extremes o f  RH across 
t h e  cup, and hence reduces t h e  p o s s i b i l i t y  o f  l e a f  s t r e s s .  
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Des ign  

Graph o f  res is tance versus t r a n s i t  t imes pred ic ted  f o r  t he  cup when t h e  
r e 3  stance i S known p a r f e c t l  y. 

P r e d i c t i o n  from t h e  Montei th e t  a1 equat ion 
and a l so  t h e  model r e s u l t s  assuming an " i d e a l "  case when t h e  
sensor response t ime  i s  zero and the  cup s t a r t s  a t  0% RH 
everywhere. Th i s  i s  a  s t r a i g h t  l i n e .  

- - Predic ted  by the  model cup w i th :  
a i r  f l u s h i n g  v e r t i c a l l y ,  and 
RH sensor w i t h  f i n i t e  response t ime. 

- . -  A i  r f l u s h i n g  ho r i zon ta l  l y  and 
RH sensor w i t h  f i n i t e  response t ime. 

Test da ta  from a  Delta-T AP3 porometer. 

0 0.5 1.0 L5 2.0 23 3.0 3.5 4.0 
Transtt the S 

Ca //bra t l on  curves 
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Des ign 

MODELLING CALIBRATION PLATE PERFORMANCE 

An advantage o f  t h e  c y c l i n g  pot-ometer i s  t h a t  i t  does n o t  r e l y  on 
t h e  abso lu te  accuracy o f  i t s  RH sensor. Readings a r e  d e r i v e d  f rom 
a  comparison w i t h  a  c a l i b r a t i o n  p l a t e .  Regular- c a l i b r a t i o n  g i v e s  
conf idence i n  t h e  r e p e a t a b i l i t y  o f  measurements. However, t h e  
accuracy depends on how accu ra te l y  we know t h e  va lue o f  t h e  
c a l i b r a t i o n  p l a t e  (amongst o t h e r  t h i n g s ) .  

We use a  p e r f o r a t e d  po lypropy lene p l a t e ,  backed w i t h  a  mo i s t  f i l t e r  
paper t o  p r o v i d e  t h i s  standard.  The res i s t ance  o f  t h e  pore  groups 
i s  c a l c u l a t e d  f rom t h e i r  known dimensions. I n  t h e  pas t  we have used 
a  fo rmu la  by Brown and Escombe (1900) .  Th is  i s  based upon t h e  
assumption o f  a  s i n g l e  pore above an i n f i n i t e  p lane.  More r e c e n t l y  
an a l t e r n a t i v e  c a l c u l a t i o n  has been proposed by Chapman and Parker  
(1981) based upon d i f f u s i o n  th rough  concen t r i c  c y l i n d e r s  o f  
d i f f e r e n t  d iamete r ,  see oppos i te .  

N e i t h e r  o f  these  e x a c t l y  match t h e  geometry o f  t h e  a c t u a l  
c a l i b r a t i o n  p l a t e  and cup combinat ion,  which c o n s i s t s  o f  a  row o f  
pores d i f f u s i ~ g  i n t o  a  r ec tangu la r  s l o t .  We have t h e r e f o r e  model led 
t h e  c a l i b r a t i o n  p l a t e  us ing  f i n i t e  element ana l ys i s .  A commercial 
f i n i t e  element a n a l y s i s  program was used (LUSAS, F i n i t e  Element 
Ana l ys i s  L t d ,  London). Th i s  r an  on a  DEC VAX computer a t  t h e  
Department o f  Engineer ing a t  Cambridge Col lege o f  A r t s  and 
Technology. 

A t y p i c a l  RH con tour  map i s  shown over  t h e  page. 

Val  ues 
used i n  
t h e  AP4 

When performed on c y l i n d r i c a l l y  symmetric sec t i ons  t h e  f i n i t e  element 
a n a l y s i s  agreed t o  w i t h i n  1% w i t h  t h e  Chapman-Parker r e s u l t s .  Bu t  
t h e  FEA r e s u l t s  were about 6% h i ghe r  us i ng  t h e  non-symmetric geometry 
o f  t h e  a c t u a l  cup. We a t t r i b u t e  t h i s  d iscrepancy t o  t h e  non- ideal  
assumption o f  symmetry r equ i r ed  by t h e  Chapman-Parker t heo ry .  
There fo re  i n  t h e  AP4 we use t h e  f i n i t e  element a n a l y s i s  r e s u l t s .  

The Brown & Escombe va lues show s i g n i f i c a n t  e r r o r s  a t  low 
res i s t ances .  An a p p l i c a t i o n s  no te  on t h e  i m p l i c a t i o n s  o f  these  
re f inements  f o r  p rev ious  Mark 3 porometer users  i s  i n  p repa ra t i on .  
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CALIBRATION PLATE MODELS 

Brown & Escombe model 

R = (d + rCd/4) 

Chapman & , P a r k e r  model 

R = (d + Qnl-?/s) 

rr* D 

Rd is t a k e n  f rom a t a b l e  and  d e p e n d s  

on t h e  r a t t o  of r t o  S 

D Is t h e  diffusion r e s l s t a n c e -  

R Is Independent o f  l  If l  > S 

A p a r t  of t h e  Delta-T caUbra t lon  

p l a t e  and c u p  geometry u s e d  In 

t h e  Flnlte Element Analysls 
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TYPICAL RH CONTOUR MAP CALCULATED BY F I N I T E  ELEMENT ANALYSIS 
Used i n  calculating calibration plate resistance. 
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There are two p a r t s  t o  t h i s  : 

I Independent t e s t  comparison o f  ve rs ion  1 o f  t he  AP4, t h a t  
i s ,  w i thou t  temperature c o r r e c t i o n ,  w i t h  our previous 
model t h e  Mark 3 porometer. 

P Experimental bas is  f o r  t h e  AP4 ve rs ion  2 temperature 
c o r r e c t i o n  a lgor i thms.  
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COMPARISON WITH DELTA-T MARK 3 POROMETER 

Ve rs i on  1 o f  t h e  AP4 used an au tomat i c  c a l i b r a t i o n  cu rve  f i t t i n g  
process,  s i m i l a r  t o  t h e  manual one r e q u i r e d  f o r  t h e  Mark 3 .  I t  d i d  no t  
au toma t i ca l  l y c o r r e c t  f o r  temperature changes o c c u r r i n g  between 
c a l i b r a t i o n  and read ing .  Dr B l a c k ' s  r e p o r t  can be taken  t o  con f i rm  t h a t  
t h e  raw da ta  produced by t h e  AP4 i s  c l o s e  t o  t h a t  produced by ou r  
p r e v i o u s  porometer.  

Comparison t e s t s  were performed a t  ICRISAT, I n d i a ,  by D r  C ,  B lack 
i n  c o n t r o l l e d  temperature greenhouses u s i n g  wel l -watered po t -  
grown groundnut (TMV2) and pidgeonpea (#4251) p l a n t s .  These were 
r e s p e c t i v e l y  6-3 and 3-4 weeks o l d  when used. Measurements were 
made th roughou t  t h e  day between about 0900 and 1800 h IST under- a 
range o f  weather- c o n d i t i o n s  t o  o b t a i n  as wide a range o f  stomata1 
conductances as poss ib l e .  The a i r  temperature d u r i n g  t h e  
measurement ranged between 28.5 and 32.5"C, b u t  was t y p i c a l l y  30 
t o  31°C. The ambient r e l a t i v e  h u m i d i t y  was 70-85% and PAR 
f l u e n c e  r a t e  ranged between 100-1300 pm01 m-2s-1. Measurements 
were g e n e r a l l y  made on t h e  younger mature leaves,  beg inn ing  w i t h  
t h e  youngest l e a f  which would f i t  t h e  porometer,  bu t  i n  
pidgeonpea some measurements were made on o l d e r  leaves.  

Consecut ive measurements were a l t e r n a t e d  between us i ng  t h e  Mark 3 
and AP4 f i r s t ,  t o  avo id  i n t r o d u c i n g  any sys temat i c  b i a s .  A wide 
range o f  conductances was ob ta ined ,  though t h e  m a j o r i t y  were 
below 1.25 cm S - ' .  The c o r r e l a t i o n  between t h e  two ins t ruments  
was good, w i t h  most p o i n t s  f a l l i n g  w i t h i n  10% (dashed l i n e s )  o f  
t h e  1:1 r e l a t i o n  ( s o l i d  l i n e ) .  

There i s  no evidence t h a t  e i t h e r  ins t rument  c o n s i s t e n t l y  over-  
o r  underest imated conductance. I t  i s  no t  unexpected t h a t  t h e r e  
shou ld  be some s c a t t e r  i n  t h e  r e l a t i o n  f o r  severa l  reasons. 
F i r s t l y ,  i t  i s  d i f f i c u l t  t o  p o s i t i o n  b o t h  sensor heads a t  e x a c t l y  
t h e  same l o c a t i o n ,  p a r t i c u l a r l y  s i n c e  t h e  Mark 3 samples a l a r g e r  
a rea  (23 X 2.5 mm) than  t h e  AP4 (17.5 X 2.5 mm). Furthermore, t h e  
va lues  recorded by t h e  second porometer t o  be used may have been 
i n f l u e n c e d  by t h e  preceding measurement w i t h  t h e  o t h e r  ins t rument ,  
p a r t i c u l a r l y  a t  low conductances where c y c l i n g  t imes a re  l onge r .  
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T h i s  f i g u r e  shows t h e  r e l a t i o n  between stomata1 conductance f o r  
t h e  same l e a f l e t s  o f  ground n u t  measured us i ng  t he .De l t a -T  Mark 3 
and t h e  AP4 ( v e r s i o n  1) porometer w i t h  t h e  s l o t t e d  cup. 

KEY 

I L ,  IU, 2L and 2U r e f e r  r e s p e c t i v e l y  t o  t h e  lower  and upper 
s u r f a c e s  o f  l e a f  1 & 2 ,  t h e  f i r s t  and second mature leaves  
numbered f rom t h e  stem apex. The dashed l i n e s  represen t  10% 
d e v i a t i o n s  f rom an i d e a l  1 : l  r e l a t i o n s h i p  ( s o l i d  l i n e ) .  

0.25 0.5 0.75 1 . O O  1.25 1.50 1.75 2.00 2.25 
AP4 (cm S-') 

(Reproduced wi th t h e  k i n d  permiss ion  o f  t h e  D i r e c t o r ,  ICRISAT, 
Hyderabad, I n d i a ,  and o f  t h e  au tho r  Dr C B lack,  1990) 
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APPARATUS USED I N  TESTING THE AP4 ALGORITHMS 
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EXPERIMENTAL BASIS FOR THE AP4 ALGORITHMS 

I I n t r o d u c t i o n  

E Method 

B Resu l ts  and d iscussion : 

Dependence o f  L '  on t r a n s i t  t ime 6 t .  
Dependence o f  L' on temperature. 
V a l i d a t i o n  o f  cup temderature a lgor i thms.  
V a l i d a t i o n  o f  cup-leaf temperature d i f f e r e n c e  co r rec t i on .  

H Conclusion 

INTRODUCTION 

The AP4 version-2 temperature c o r r e c t i o n  a lgor i thms were 
developed and va l i da ted  i n  Mic rosof t  QuickBasic on a  personal computer. 
Th i s  was i n te r faced ,  on- l ine,  t o  rece ive  da ta  from a  mod i f ied  AP4 w i t h  
i t s  head i n  an environmental chamber. Once va l i da ted  these a lgor i thms 
were then r e w r i t t e n  i n  FORTH and implemented on t h e  AP4 EPROM. Th is  was 
re tes ted  aga ins t  the  same QuickBasic a lgor i thms i n  a  s i m i l a r  fashion.  

F i r s t ,  Wood's equations f o r  L ' ,  the  cup parameter, and 6 t f ,  t h e  
co r rec ted  t r a n s i t  t ime , were re f i ned  and developed along w i t h  
t h e  r e s t  o f  t h e  a lgor i thms o u t l i n e d  i n  chapter  11.2 f o r  
c a l i b r a t i n g  and t a k i n g  readings. Porometer head cups were exerc ised 
th rough a  representa t ive  range o f  RH, cup temperature and leaf-cup 
temperature d i f fe rences t o  v a l i d a t e  t h e  a lgor i thms.  

The e r r o r s  i n  t h e  measured res is tances were inspected t o  
determine over  what range accuracy was maintained t o  w i t h i n  20% 
Th is  range i s  quoted i n  t he  performance s p e c i f i c a t i o n  f o r  the  accuracy 
o f  t h e  temperature cor rec t ion ,  as fo l lows: -  

I f  the  ca 7 i b ra t  ion i s  done careful  7y, then the ambient temperature can 
s h i f t  by +l0 o r  +"C, and the cup-7eaf d i f fe rence  by f 2 . 5 " C  from t h a t  
e x i s t i n g  a t  ca7ibrat  ion, and yet the reading w i  7 7 remain accurate t o  
2 2 0 %  

p - - 

Page 175 



Des ign 

The development and v a l i d a t i o n  o f  t h e  a lgor i thms was made u s i n g  
t h e  apparatus shown i n  t h e  diagram. The AP4 head was mounted 
i n s i d e  an RH-contro l led chamber which i t s e l f  was i n s i d e  a  
temperatut -e-cont ro l led cab ine t .  

The cup- leaf  temperature d i f f e r e n c e  was c o n t r o l l e d  by a  P e l t i e r -  
e f f e c t  heat pump. A p l a t e  t h e r m a l l y  connected t o  one s i d e  o f  t h e  
heat pump was i n s e r t e d  i n  t h e  head, behind the  c a l i b r a t i o n .  p l a t e  - 
between i t  and t he  l e a f  temperature t he rm is to r .  The heat  ' s i n k  
connected t o  t h e  o t h e r  s i d e  o f  t h e  heat  pump comple te ly  
surrounded t h e  AP4 head. 

The RH was ad jus ted  by fans  b l ow ing  a i r  e i t h e r  over  a  wet w ick ,  
o r  th rough  a  tube  o f  des iccan t .  The c o n t r o l l e r  was a  mod i f i ed  
AP3 porometer chass is ,  connected t o  bo th  fans and a  Va i sa la  
HMI815 RH sensor.  

The ambient temperature was regu la ted  by an A u s t e l l  Hearson 
Dutaform t ype  BM c o m ~ e r c i a l  env i ronmenta l  chamber w i t h  a  West 
2050 programmable c o n t r o l  l e r .  

The EPROM o f  t h e  AP4 was m o d i f i e d  t o  send a l l  t h e  data,  f rom 
every RH cyc le ,  t o  an on - l i ne  Elonex 2086 computer. Th i s  i nc l uded  
t h e  t r a n s i t  t ime,  cup temperature,  and cup- leaf temperature 
d i f f e r e n c e .  I t  a l s o  sent  t h e  res i s tance  as c a l c u l a t e d  us ing  t h e  
Mark 3 porometer- type c a l i b r a t i o n  process implemented i n  v e r s i o n  1 o f  
t h e  AP4. 

Th i s  r es i s tance  was measured by i n t e r p o l a t i n g  f rom a  c a l i b r a t i o n  
curve f i t t e d  by t h e  method o f  l e a s t  squares t o  t h e  s e t  o f  s i x  p a i r s  o f  
t r a n s i t  t ime  and res i s tance  ob ta ined  du r i ng  c a l i b r a t i o n .  No o t h e r  
c o r r e c t i o n s  were used. The read ings  were ou tpu t  th rough  t h e  s e r i a l  p o r t  
a t  every  c y c l e  t o  t h e  on - l i ne  computer. 

The porometer was c a l i b r a t e d  a t  every  combinat ion o f  20, 50 and 
70%RH and 10, 25 and 40°C. A f t e r  each c a l i b r a t i o n  t h e  cup- lea f  
temperature d i f f e r e n c e ,  6T, and t h e  ambient temperature Tcup were 
independent ly  va r i ed ,  over  +2.5"C f o r  6T, and 220°C f o r  Tcup. 
The r a t e  o f  change o f  temperature was l i m i t e d  by t h e  West 
c o n t r o l l e r  t o  0.2"C p e r  minute,  so t h a t  each temperature c y c l e  
l a s t e d  some 6 hours. 

A t  each c y c l e  a l l  t h e  raw da ta ,  and t h e  uncorrected res i s tance  was sen t  
t o  t h e  computer, where t h e  c o r r e c t e d  (AP4-derived) r es i s tance  was 
c a l c u l a t e d .  Every 5 minutes t h e  c u r r e n t  readings were logged t o  d i s c .  
A r e p r e s e n t a t i v e  sample o f  such a  da ta  se t ,  analysed g r a p h i c a l l y  us i ng  
SupercalcS, i s  presented i n  t h e  f o l l o w i n g  graphs. 
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RESULTS AND DISCUSSION 

Dependence o f  L '  on t r a n s i t  t i m e  : 6 t  

L '  i s  t h e  cup l e n g t h  parameter used i n  Mon te i t h ' s  equat ions 
r e l a t i n g  t r a n s i t  t i m e  t o  r es i s tance .  These a re  reproduced i n  
chap te r  11.2 as equa t ions  (1 )  and ( 2 ) .  The parameter L '  i s  
assoc ia ted  w i t h  wate r  abso rp t i on  by t he  cup w a l l s  and RH sensor 

I n  c a l i b r a t i o n ,  t h e  s i x  p a i r s  
r es i s tances  a r e  used t o  c a l c u  
f o r  L ' .  

o f  t r a n s i t  t imes and known 
l a t e  t h e  corresponding s i x  va lues 

Graph 1  shows these  6 va lues  p l o t t e d  aga ins t  6 t  f o r  a  t y p i c a l  s e t  
o f  da ta .  P l o t t e d  on l o g - l o g  axes, they  a re  c lose  t o  a  s t r a i g h t  
l i n e ,  so t hey  can be c h a r a c t e r i s e d  by a  quad ra t i c  curve.  The 
c a l i b r a t i o n  r o u t i n e  t h e r e f o r e  f i t s  a  quad ra t i c  curve t o  these 
p o i n t s  (on t h e  l o g - l o g  g raph) .  Th i s  graph i s  then used t o  
c a l c u l a t e  an a p p r o p r i a t e  va lue  o f  L '  when t a k i n g  a  reading.  The 
curve t y p i c a l l y  has a  s l ope  near  0.5, and an i n t e r c e p t  on t h e  L '  
a x i s  which depends on t h e  c a l i b r a t i o n  temperature.  Th i s  
r e l a t i o n s h i p  forms t h e  b a s i s  f o r  t h e  t r a n s i t  t ime dependent p a r t  
o f  t h e  equa t ion  f o r  L ' .  ( See equat ion  (4 )  chapter  11.2) 

Cup Absorption 
Dependence on transit time 
Calibrated at RH50% 24.5% 

I Calibration data - C u ~ e  fit 

1000 10000 
Transit time rns 
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Graph 2 shows t h e  c a l i b r a t i o n  da ta  p o i n t s  i n t e r p r e t e d  us ing  t he  
AP4 c a l i b r a t i o n  a l go r i t hms ,  p l o t t e d  i n  t h e  s t y l e  o f  t he  Mark 3 
c a l i b r a t i o n  curve.  Th i s  graph i s  inc luded  t o  reassure those 
f a m i l i a r  w i t h  t h e  Mark 3 Porometer. 

We i n c l u d e  it here because you can t h i n k  o f  graph 1 as being t h e  
c a l i b r a t i o n  curve  i n  t h e  AP4, o f  L '  vs 6 t .  Whereas the  e a r l i e r  
models, t h e  Mark 3 and ve rs i on  1 o f  t h e  AP4, used graph 2 as t h e  
c a l i b r a t i o n  curve.  

5000 10000 
Transit time rns 
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Dependence o f  L '  on temperature 

Graph 3 shows t h e  temperature dependent p a r t  o f  L ' .  A porometer 
was c a l i b r a t e d ,  and then l e f t  measur ing a  p a r t i c u l a r  known 
res i s t ance ,  i e  t h e  c a l i b r a t i o n  p l a t e .  The r e l a t i v e  humid i t y  o f  
t h e  a i r  around t h e  head was k e p t  cons tan t ,  w h i l e  t he  ambient 
temperature was va r i ed ,  and t h e  porometer reading logged. From 
these  readings and t h e  known va lue  o f  t h e  res is tance ,  L' was 
c a l c u l a t e d  f o r  each reading.  These va lues  were normalised.. 
us i ng  t h e  c a l i b r a t i o n  curve (graph 1) t o  t h e  equ iva len t  cons tan t  
va l ue  o f  6 t  (1000ms). The r e s u l t s  show t h e  temperature dependent 
p a r t  o f  L ' f o r  a  t y p i c a l  s e t  o f  da ta .  Th i s  g ives  t he  temperature 
dependent p a r t  o f  equa t ion  4 i n  chap te r  11.2. 

Cup Absorption 
Dependence on temperature 
Calibrated at RH 50% 26.1 "C 

0 10 20 30 40 50 60 
Cup temperature "C 
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V a l i d a t i o n  o f  t h e  cup temperature c o r r e c t i o n  a l go r i t hms  

Graph 4 compares t h e  res i s t ance  measured us ing t h e  Mark 3 a l go r i t hm ,  
which has no temperature c o r r e c t i o n ,  w i t h  t he  AP4 ve rs i on  2  a lgo r i t hms ,  
wh,ich do. Two known res i s t ances  a r e  shown, corresponding t o  two 
c a ' l i b r a t i o n  p l a t e  p o s i t i o n s .  The co r rec ted  res is tances ,  i e  as measured 
by t h e  AP4 ve r s i on  2 a l go r i t hm ,  can be seen t o  f i t  q u i t e  w e l l  w i t h  t h e  
t h e o r e t i c a l  curve based on t h e  known ( t h e o r e t i c a l  ) res is tance .  These 
i d e a l  curves a re  n o t  h o r i z o n t a l  because o f  t h e  temperature dependence o f  
t h e  d i f f u s i o n  c o e f f i c i e n t  o f  wa te r  vapour i n  a i r .  They obey equa t ion  7 
i n  chap te r  1 1 . 2 .  

The e x t e n t  t o  which these read ings  match t he  known p l a t e  va lues 
i s  a  measure o f  t h e  success o f  t h e  a l go r i t hm  i n  i t s  a b i l i t y  t o  
c o r r e c t  f o r  d e v i a t i o n s  from t h e  cup temperature e x i s t i n g  a t  
c a l i b r a t i o n .  W h i l s t  o n l y  two p l a t e  p o s i t i o n s  a re  shown here,  f o r  
one p a r t i c u l a r  s e t  o f  c o n d i t i o n s ,  we f i n d  i t  t o  be t r u e  f o r  t h e  
r e s t  o f  t h e  combinat ions o f  parameters which we have so f a r  
exp lored.  

A more r i go rous  s t a t i s t i c 2 1  a n a l y s i s  o f  the  success o f  these 
a l go r i t hms  has no t  been app l i ed .  But  t h e  a b i l i t y  o f  t h e  
a l go r i t hms  t o  c o r r e c t  f o r  d e v i a t i o n s  away from those c o n d i t i o n s  
e x i s t i n g  a t  c a l i b r a t i o n  i s  much b e t t e r  than we o r i g i n a l l y  
expected, and f a r  s u p e r i o r  t o  t hose  p rev i ous l y  a v a i l a b l e  f o r  t h e  
Mark 3 version'. 

Cup temperature correction 
Calibrated at  RH 50% 24.5"C 

Resistance slcrn 

l 5  €---l-- 
o Uncorrected o Corrected T r u e  

0 10 20 3 0 40 5 0 60 

Cup temperature "C 
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V a l i d a t i o n  o f  the cup-leaf temperature d i f f e r e n c e  c o r r e c t i o n  

Graph 5 shows how the  cor rec ted  and uncorrected measured 
res is tances  vary w i t h  6T. I n  t h i s  experiment t h e  ambient RH and 
temperature were kept constant ,  and the  temperature o f  the  
c a l i b r a t i o n  p l a t e  va r ied  r e l a t i v e  t o  t h a t  o f  t h e  cup us ing  a  
P e l t i e r - e f f e c t  heat pump. 

I n  t h i s  graph the i dea l  cor.rect ion i s  drawn as a  h o r i z o n t a l  
s t r a i g h t  l i n e  f o r  both res is tances.  

Again, w h i l s t  we do not  present a  s t a t i s t i c a l  ana lys i s ,  
i nspec t i on  shows t h a t  t he  co r rec t i on  i s  very  good. 

Delta-T correction 
Calibrated at RH 50% 24.5"C 

Resistance stcm o Uncorrected o Corrected T r u e  

n 
0 
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CONCLUSION 

Over t h e  whole range o f  c a l i b r a t i o n  c o n d i t i o n s  i nves t i ga ted ,  t h e  
measured reading was w i t h i n  t20% o f  t h e  t h e o r e t i c a l  ( t r u e )  
r es i s tance  over t h e  range + l 0  t o  -5°C f o r  cup temperature and 
+2.5"C f o r  cup- leaf  temperature d i f f e r e n c e  away f rom t h e  
c o n d i t i o n s  e x i s t i n g  a t  c a l i b r a t i o n .  

I t  i s  impor tan t  t o  r e a l i s e  t h a t  t h i s  accuracy w i l l  be compromised 
by poor c a l i b r a t i o n .  I t  may w e l l  be b e t t e r  than  t h i s  us ing  a  
c a r e f u l  c a l i b r a t i o n .  
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  APPENDIX C 

AP4 RETRIEVE FOR WINDOWS SOFTWARE 
DISKETTE 

The AP4 is supplied with data retrieval software diskettes. The following information covers only 
the Windows software, which is now recommended. For the original DOS software, please refer to 
section 6.6 OUTPUT. 
The software is also available for free download from the Delta-T website. 
 
REQUIREMENTS 

You will need a PC running Windows 98 or later, with a floppy disk drive, and an RS232 port. If 
your PC does not have an RS232 port, but does have a USB port, you must obtain a USB to 
RS232 adapter suitable for your version of Windows. 
 
TO INSTALL THE SOFTWARE 

From the floppy disk: 
Read the Readme.txt file on the floppy disk.  
This may contain more recent important information that you should comply with. 
Then Run A:\Setup.exe 
 
From a website download: 
Run the downloaded .exe executable file. 
 
TO RUN THE AP4 RETRIEVE SOFTWARE 

After installation, run the AP4.exe file from the folder in which you installed the program. 
You can create a desktop shortcut to this file, if you wish. 
You should get the following screens, which are largely self-explanatory. 
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  APPENDIX D 

APPENDIX D AP4 HEAD DESIGN DETAIL 
AP4 HEAD MOULDING IMPROVEMENTS 

From January 2004, new AP4 Porometer heads incorporate detail design changes to improve the 
ergonomic handling, and to reduce the wear and tear experienced after prolonged use. These 
improvements are derived from many years of experience with AP4 porometers which have been 
employed in a wide variety of field situations. 
The main features are highlighted below. The new mouldings are immediately recognisable from 
the finger grip mouldings and the Delta-T name. New tooling has been produced to increase the 
consistency of manufacture of the cup and leaf pad gaskets and seals. 
The functionality of the AP4 head is not changed, and it will show increased life and durability in 
field use. 
 
 

 

Finger grip 
moulding 

Improved hinge pin 
and alignment 

Reinforcement webs to 
increase rigidity  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Improved cable 
strain relief 

Cup and leaf seals 
improved 
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APPENDIX E AP4 BATTERY DESIGN CHANGE 
AP4 BATTERY CHANGE  

From mid 2004, a new battery design is incorporated. The new battery has superior capacity and 
life compared with the original battery. The position of various internal components is changed, as 
illustrated below.  
When referring to section 10.1 BATTERY from page 98, you should interpret the instructions taking 
into account the new physical arrangement.  
The instructions regarding operating care and maintenance of batteries remain the same.  
 
 

 
 
 
 
 
 
 
 

 

New battery 
position 

Pump new position 

Original battery 
position  

Pump original 
position 
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