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**** WARNING **** 

 
We strongly urge that each user read this manual at least 
once before getting started.  It is also very important to 

observe the operational notes in order to avoid accidental 
damage to CIRAS-1. 

 
 

**** PLEASE NOTE **** 
 

This manual applies primarily to Automatic CIRAS-1 Systems. 
 

For users of Manual CIRAS-1 Systems, there are certain 
layout and operational differences. 

 
 
Manual CIRAS-1 Systems can be updated (highly recommended) to the 
Automatic Control version by returning the instrument to our factory.  
Please contact PP Systems or an authorised distributor for more details. 
See Contact Information on page 9. 
 
 
 
The CIRAS-1 Portable Photosynthesis System is made up of 3 main components: 
 

1. CIRAS-1 Portable Differential CO2/H2O IRGA. 
2. CIRAS-1 Integral Cuvette Air Supply Unit (Manual or Automatic). 
3. Parkinson Leaf Cuvette or other chamber/cuvette such as the SRC-1 Soil Respiration 

Chamber. 
 
This Operator�s Manual will focus mainly on items 1 and 2 above with brief operating 
instructions for the common accessories. 
 
There are separate Operator�s Manuals for the leaf cuvettes, soil respiration chamber, etc. 
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Preface 
 
Notice 
 
This equipment must not be used in situations where its failure could result in injury or death. 
 

For applications where failure of this equipment to function correctly would lead to consequential 
damage, the equipment must be checked for correct operation and calibration at intervals 

appropriate to the criticality of the situation. 
 
PP Systems' equipment warranty is limited to replacement of defective components, and does not cover 
injury to persons or property or other consequential damage. 
 
This manual is provided to help you install and operate the equipment. Every effort has been made to 
ensure that the information contained in this manual is accurate and complete. PP Systems does not accept 
any liability for losses or damages resulting from the use of this information. 
 
It is extremely important that you take the time to review this Operator�s Manual prior to installation and 
operation of the equipment.  Otherwise, damage may be caused which is not covered under our normal 
warranty policy. 
 
This manual, and the information contained in it, is copyright to PP Systems. No part of the manual may be 
copied, stored, transmitted or reproduced in any way or by any means including, but not limited to, 
photocopying, photography, magnetic or other mechanical or electrical means, without the prior written 
consent of PP Systems. 
 
•  Windows and Excel are registered trademarks of Microsoft. 
•  Quattro Pro is a registered trademark of Borland 
•  Lotus 1-2-3 is a registered trademark of Lotus. 
•  MS-DOS is a registered trademark of IBM. 
 
Documentation Conventions 
 
If viewed electronically, text marked blue act as Hyperlinks. Some links refer to links to external files, which 
may cause the viewer to prompt whether the action should be performed. 
 
User Registration 
 
It is very important that all new customers register with us, to ensure that our user list is kept up to date.  If 
you use any of PP Systems products then please register yourself electronically on our Web Site at: 
 

http://www.ppsystems.com/Register.html 
 
Only REGISTERED users will be allowed access to our protected �Users� section of our Web Site.  This 
section will contain important product information including hardware/software updates, application notes, 
newsletters, etc. 
 

Thank you in advance for your co-operation. 

http://www.ppsystems.com/Register.html
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Service & Warranty 
PP Systems' equipment warranty is limited to replacement of defective components, and does not cover 
injury to persons or property or other consequential damage. 
 
The equipment is covered under warranty for one complete year, parts and labour included.  This, of course, 
is provided that the equipment is properly installed, operated and maintained in accordance with written 
instructions (i.e. Operator's Manual). 
 
The warranty excludes all defects in equipment caused by incorrect installation, operation or 
maintenance, misuse, alteration, and/or accident. 
 
If for some reason, a fault is covered under warranty, it is the responsibility of the customer to return the 
goods to PP Systems or an authorized agent for repair or replacement of the defective part(s). 
 
Contact Information 
 

Europe      USA & Canada 
PP Systems     PP Systems, Inc. 
Unit 2, Glovers Court, Bury Mead Rd.  110 Haverhill Rd, Suite 301 
Hitchin, Herts SG5 1RT    Amesbury, MA 019313 
UK      USA 
Tel:  #44-1462-453411    Tel:  #1-978-834-0505 
Fax: #44-1462-431090    Fax: #1-978-834-0545 
 

Email: support@ppsystems.com 
 
Unpacking Your Equipment 
It is extremely important that you check the contents of your equipment immediately upon receipt to ensure 
that your order is complete and that it has arrived safely.  Please refer to the Packing List supplied for a 
detailed list of spares and accessories that are included with your order. 
 

DO NOT DISCARD ANY OF THE PACKAGING MATERIAL UNTIL ALL OF THE ITEMS LISTED ARE 
ACCOUNTED FOR. 

 
WE RECOMMEND THAT YOU RETAIN THE ORIGINAL PACKING FOR FUTURE USE. 

 
If you suspect that any of the items listed on the Packing Note are not included, or are damaged, then you 
must contact PP Systems or their authorised distributor immediately. 
 
Other Documentation 
Available to all registered users, who will have access to our protected �Users� section of our Web Site. 
To register with us, see the User Registration section of this manual on page 8. 
 
CIRAS-1 Troubleshooting & Service Guide 
 
The guide contains comprehensive information on: 
 
•  System Troubleshooting 

•  Initialisation 

•  Diagnostics 

•  Calibration 

•  Error/Status Codes 

•  Maintenance (Daily/Monthly/Yearly) 

mailto:support@ppsystems.com
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Technical Specification 
 

CIRAS-1  Portable Differential CO2/H2O IRGA 
Analysis Method Non-dispersive infrared, configured as an absolute 

absorptiometer, with microprocessor control of linearisation. 
Four channel simultaneously measure:  
•  Absolute concentration of CO2 and H2O in the reference 

gas 
•  Differential concentration of the analysis gas 

Measurement Range CO2     0-2,000 µmol mol-¹ (Optimal range) 
            0-9,999 µmol mol-¹ (Maximum range) 
 
H2O   0-75 mb (millibar) 
 
Note: Corrections are made for temperature, pressure and 
foreign gas broadening (e.g. H2O vapour) 

Precision (Absolute) CO2     0.2 µmol mol-¹ at 0 ppm 
           0.7 µmol mol-¹ at 2,000 ppm 
H2O     0.03 mb at 0 mb 
            0.06 mb at 75 mb 

Linearity Better than 1.0% throughout the range, assuming 
calibration at FSD 

Stability Automatic zero at regular intervals, corrects for sample cell 
contamination, source and detector ageing, and pre-
amplifier gain changes 

Response Time Electrical:  0.5 seconds 
Display/Analog Output:  1.5 seconds 
Pneumatic:  < 5 seconds 

Air Sampling 100 cm³ min-¹ using integral DC pumps. Both analysis and 
reference pumps are fitted with mass flow controllers. The 
analyser may be used in both open and closed systems. 

Environmental Sensor Inputs 3 input channels are available. There is integral 
conditioning of PP Systems' %RH, temperature, and PAR 
sensors. 

Analog Output(CO2/H2O Analysis) 0-5V = 0-full scale (defined by user) 
RS232 Output Data output in standard ASCII format at 1200 baud 
Real Time Clock Accuracy:  Better than 1 minute/month at 25° C 

Operating Temperature: 0-70° C 
Automatic correction for month end and leap years 

Record Options Manual logging by key press, or automatic logging at user 
selectable intervals between 1 and 250 minutes 

Data Storage 32K internal battery backed RAM, stores up to 820 records. 
Memory is maintained during battery change. 

Instrument Status Detection Visual indication of malfunction, including low battery. 
Power Supply Internal rechargeable 12V 2.0 Ah lead acid battery weighing 

680 g. Battery life of approximately 3 hours, based on 
manufacturers data. Auto shutdown prevents deep 
discharge of battery. 

Power Consumption (+ PLC) 12W (Initial warm-up) / 5W (Normal operation) 
Operating Environment 0-45 °C, non-condensing. 
Housing High impact ABS enclosure, allowing easy access for 

battery change and maintenance. 
Case Dimensions 290mm W x 199mm D x 110mm H. 
Weight 5 Kg. (including battery). 
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CIRAS-1 Integral Cuvette Air Supply Unit 

Air Supply 
 

Up to 470 cm³ min-¹, measured and controlled by a mass 
flowmeter, for supply to external equipment 
eg PLC Leaf Cuvette 
External gas supply up to 2,500 cm³ min-¹ 

Air Conditioner Manual or automatic control of CO2 and H2O. 
All systems supplied from 1995 onwards are supplied with 
automatic control. 
•  CO2 Range:  0-2,000 ppm 
•  H2O Range:  0-Dewpoint 

 
 

Standard PLC Leaf Cuvettes 
Cuvette Materials Stuctural Components:  Aluminium alloy 

Cuvette Window:  Glass IR interference filter or TPX 
Leaf Seal:  Closed cell foam gaskets 
Impeller:  Stainless steel 

Window Size PLC (Broad):  18 mm Diameter 
PLC (Narrow):  80 mm W x 30 mm L 
PLC (Conifer):  80 mm W x 50 mm D (Cylindrical) 
PLC (Pod):  80 mm W x 25 mm D (Cylindrical) 
PLC (Rice):  8 mm W x 25 mm L 

Boundary Layer Resistance PLC (Broad/Narrow/Rice): 0.15 to 0.35 m² s-¹ mol-¹ 
PLC (Conifer/Pod):  The value will depend on leaf type 

Air Temperature Sensor Precision Thermistor  
Software linearisation: ±10°C from 0°C to +60°C 
Accuracy : ±0.3°C at 25°C 

Leaf Temperature Sensor Miniature Precision Thermistor  
Software linearisation: ± 10°C from 0°C to +60°C 
Accuracy: ± 0.3°C at 25°C 

PAR Sensor Filtered Silicon Cell (fully cosine corrected)  
Response:  400-700 nm 
Precision:  10 µmol m² s-¹ 

Handle Dimensions 30 mm D x 290 mm L (excluding head). 
Size varies slightly depending on cuvette type. 

Typical Weight 675 g 
 
 

Automatic Leaf Cuvettes 
Cuvette Materials Stuctural Components:  Aluminum alloy 

Cuvette Window:  Glass IR interference filter or TPX 
Leaf Seal:  Closed cell foam gaskets 
Impeller:  Stainless steel 

Window Size PLC (Broad):  18 mm Diameter 
PLC (Narrow):  80 mm W x 30 mm L 
PLC (Conifer):  80 mm W x 50 mm D (Cylindrical) 
PLC (Pod):  80 mm W x 25 mm D (Cylindrical) 
PLC (Rice):  8 mm W x 25 mm L 

Boundary Layer Resistance PLC (Broad/Narrow/Rice): 0.15 to 0.35 m² s-¹ mol-¹ 
PLC (Conifer/Pod):  The value will depend on leaf type. 

Air Temperature Sensor Precision Thermistor 
Software linearisation 
±10°C from 0°C to +60°C 
Accuracy 
±0.3°C at 25°C 

Leaf Temperature Sensor 
 

Miniature Precision Thermistor 
Software linearisation : ± 10°C from 0° C to +60°C 
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Accuracy : ± 0.3°C at 25°C 
 
Please Note.  The PLC (Broad) and (Rice) Automatic 
Cuvettes feature an infrared temperature sensor fitted to 
the cuvette base for accurate, non-contact leaf temperature 
measurement. 

PAR Sensor Filtered Silicon Cell (fully cosine corrected) 
Response:  400-700 nm 
Precision:  10 µmol m² s-¹ 

Temperature Control Peltier elements are mounted to the cuvette heads with 
each fitted with a heat sink and fan 

Temperature Control Range 8°C below ambient to +35°C 
(Dependent upon incident PAR) 

PAR Measurement & Control By use of optical fibers, PAR is measured inside the cuvette 
and very close to the leaf surface. A silicon sensor with 
filters gives a PAR response close to the theoretical and 
measurements are made with a precision of10 µmol m² s-¹ 

Illumination Unit (Optional) This white light illumination unit provides control of the 
incident PAR and provides spectral compensation over the 
following ranges: 
 
PLC (Broad/Rice):  0-2,000 µmol m² s-¹ 
PLC (Narrow):  0-1,000 µmol m² s-¹ 
PLC (Conifer/Pod):  0-1,500 µmol m² s-¹ 

Power Supply 
 
(User Supplied) 

12V DC supply of small ripple (e.g. battery). The current 
depends on cooling requirements and light setting. 
 
Tracking ambient temperature : 0.17 A 
NOTE: This can be supplied by the CIRAS-1 internal 
battery, whilst the following all require an external supply. 
 
Maximum cooling  
No light unit : 0.17 A 
With Light unit (At 250 µmol m² s-¹) : 1.7 A 
 
With Light unit (At 2,000 µmol m² s-¹) : 4.4 A 
 
NOTE: For full control, the supply must deliver 6 amps at 
13V. For field use, a 40 Ah battery is recommended. For lab 
use, a 6 amp or greater battery charger, connected to a 
12V battery for smoothing, is the most efficient option.  

Dimensions 40mm H x 100mm W x 140mm D. 
Size varies slightly depending on cuvette type. 

Weight 0.885 Kg. 
 
 

SRC-1 Soil Respiration Cuvette 
Housing PVC and stainless steel 
Measurement Range 0 - 9.99 g CO2 m2 s-1 
Fan 12V DC 
Power Supply CIRAS-1 will operate for approximately 2 hours on one fully 

charged battery with the SRC-1 in use. 
Dimensions 150mm Height x 100mm Diameter (excluding handle) 
Weight 900 g 

 



Introduction to Photosynthesis Measurements 
 

CIRAS-1 Operator's Manual - Version 1.30 
- 13 - 

 

Introduction to Photosynthesis Measurements 
 
All life on earth ultimately depends upon the fixation of the Sun�s energy by photosynthesis.  Measurement 
of photosynthesis is therefore the basic measurement of the Life Sciences. 
 
Photosynthesis can be simply described by the following equation: 
 
 

Rates of Uptake  Rates of Production 
6CO2      +   6H2O   + Light Energy  = C6 H12 O6   +    6O2 
Carbon  +   Water  +     Energy       = Glucose     +    Oxygen Dioxide 

 
 
To measure photosynthesis, we can measure the rates of uptake of the components on the left-hand side of 
each equation or the rates of production of the components on the right-hand side. 
 
If we wish to know what is going on under natural conditions, then it is very important that measurements 
should be made under those conditions with as little damage to the photosynthesising material as possible. 
 
Measurement of the Rate of Oxygen (O2) Production 
 
The proportion of O2 in the normal atmosphere is approximately 21% = 210,000 parts per million (ppm) and 
the proportion of CO2 is only 0.036% = 360 parts per million. 
To ensure that we are making measurements close to the natural value we would not want the CO2 
concentration around the leaf to change by more than 10% i.e. 36ppm. 
Because of the equality between the CO2 and O2, the O2 would only change by 36ppm. It is not possible to 
measure such a small change accurately against the 21% ambient Oxygen concentration.  
 
Where changes in Oxygen concentrations are studied then they are done either: 
 
Using a very low O2 concentration in the air supplied to the leaf which increases the relative concentration 
change as a result of photosynthesis, or: 
Using a sealed system to accumulate the evolved O2 over a period of time. The initial CO2 in the cuvette is 
increased to ensure that it does not run out during the measurement period. 
 
THEREFORE, WHEN O2 MEASUREMENTS ARE PERFORMED, THE 
LEAF IS IN CONDITIONS THAT ARE VERY DIFFERENT FROM NATURE. 
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Measurement of the Rate of Glucose Production 
 
This can be done using radio-active labelled CO2, to see how much is incorporated into the plant tissue over 
a given time. It is very useful if we wish to know where and into what compounds the fixed carbon dioxide 
goes but it is a lengthy measurement, requiring a skilled technician, and it destroys the leaf material. 
 
Measurement of the Rate of Uptake of Energy 
 
Though, without a doubt, it would be possible to directly measure the energy budget of a leaf under 
laboratory conditions and thereby determine the energy fixed, this is not a practical proposition. 
The measurement that is regularly used, and that does look at the energy exchanges, is leaf fluorescence. 
However, this is a negative measurement, in that the fluorescence represents energy absorbed but then 
NOT used in fixation. It can give information about the health of the energy fixation systems and be 
correlated with the photosynthetic potential but it does not readily give information on the current fixation 
rates.  The measurement requires a complex analysis (usually done by the equipment, but not readily 
understandable to the user). The fluorescence characteristic varies from species to species. 
 
Measurement of the Rate of H2O Uptake 
 
Plant tissue is 90% water. Also plants have a considerable amount of water in transit from the roots to be 
lost from the leaf through evaporation. Its main use is for cooling and movement of nutrients. Direct 
measurement of the water uptake for photosynthesis alone is therefore impossible, and it has to be done 
indirectly using isotope labelled compounds, as described above, with similar restrictions on its use. 
 
Measurement of the Rate of CO2 Uptake 
 
This is the most commonly used and easiest method for determining the photosynthesis rate. Using infra-red 
gas analysis we can readily determine CO2 concentrations to within 1 ppm and instantaneous 
measurements are possible.  Gases with di-atomic molecules such as CO2 absorb strongly photons in the 
infra-red range.  For CO2   one region of strong absorption is 4.3 microns.  A source emitting strongly at this 
wavelength is a light bulb.  If this is positioned at one end of a tube and at the other end is placed a sensor 
that is sensitive to photons at 4.3 microns, then we have a simple infra-red gas analyser. As carbon dioxide 
is passed down the tube it absorbs some of the infra-red and the sensor reading decreases. 
 

CIRAS-1 Functional Overview 
 
CIRAS-1 passes a measured flow of controlled air over a leaf sealed into a chamber called the leaf cuvette.  
Based on the flow rate and the change in the CO2 and H2O concentrations, the assimilation rate of CO2 and 
the transpiration rate of water can be determined. This is called the OPEN SYSTEM OF MEASUREMENT. 
 
CIRAS-1 console incoporates an infra-red gas analyser, cuvette air supply unit and data processing unit. 
It is a completely self-contained unit, with all the necessary pumps, flowmeters, valves, LCD display and 
data acquisition and storage facilities. 
 
Analyser Principles 
 
CIRAS-1 employs a non-dispersive, infra-red measurement technique, coupled with microprocessor-based 
signal processing, to achieve good stability and specificity to CO2 and water vapour. 
 
CIRAS-1 uses 4 independent infrared gas analysers, 2 each for CO2 and H2O.  One pair of CO2 and H2O 
analysers have a common inlet/outlet and are defined as the reference, and similarly for the second pair of 
analysers, which are defined as the analysis.  Measurements are expressed as absolute concentrations for 
the reference, and as the difference between the reference and the analysis concentration. 
 
CIRAS-1 analysers are simple absorptiometers, and therefore their theoretical range is from 0-100% of the 
gas they are designed to measure.  However, because of the absorption characteristics of gases, their 
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effective ranges are defined by the absorption path lengths, infrared source intensities, detector sensitivities 
and the S/N (Signal to Noise) ratio of the system.   
 
The graph below shows the absorption curve for CO2.  The absorption path length of CIRAS-1 is optimised 
for 2,000 ppm.  However, good accuracy is still available up to 10,000 ppm. 
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rature corrections are not required as the opto-electronics are thermostatted and the air is 
ated to this temperature before entering the absorption cells.  Absolute pressure changes in the cells 
pensated for by built in transducers. 

 the excellent stability of CIRAS-1 is due to regular zeroing when CO2 free, dry air is passed through 
 (referred to later in this manual as ZERO). 

minimises the effects on span (gas sensitivity), of sample cell contamination, source ageing, and 
s in detector sensitivity, amplifier gains, and reference voltages.  It is done on startup, and then after 
0 and 30 minutes, and subsequently every 30 minutes.  Measurements are ratioed to the ZERO 
 and the absorptance determined.  From the relationship between absorptance and concentration 
ined in the factory for each instrument) and the current calibration factor, the sample concentration is 

ined. 

h every effort is made to match the analysis and reference cells, their linearity will always be slightly 
t because of differences in filters and the reflection characteristics of the cells.  Individual 
ation of the cells is done in the factory, but even so, it is not possible to exactly match the cell 
s to the accuracy required for differential results.  This problem, which is common to all differential 
rs, is overcome in CIRAS-1 by a second zeroing mode called Differential Balance (DIFF-BAL). 

ntial balancing is done by passing reference air through all the cells.  For each pair of cells a factor is 
termined that equalises their readings, so for subsequent measurements the true differentials can be 
ined. 

Figure 1.  CO2 Absorption Curve
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System Features 
 
CIRAS-1 uses two micro-computers, the first responsible for analyser control and all the A/D conversions, 
and the second for display and interaction with the user.  Although CIRAS-1 can be used as a stand-alone 
analyser, it is also designed to be used with a front-end PC.  For field use, a portable PC is available.  For 
laboratory use a desk-top PC can be used, if preferred.  The PC provides graphic displays and enhanced 
data storage. 
 
RS232 output of the data is provided for use with PCs. 
Analog output of the measured gas analysis data is also provided, for use with a chart recorder etc. 
 
Another exclusive feature of CIRAS-1 is the cuvette air supply unit.  This supplies air of controlled CO2 
concentration (0 -2,000 ppm) and humidity (0 - SVP at air temperature) at a controlled flow rate.  The 
method and control of the CO2 addition is based on small, disposable 8g CO2 cylinders.  One small 
disposable CO2 cylinder, as used in soda siphons, gives a running time in excess of 8 hours. 
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CIRAS-1 Instrument Layout 
 
TOP PANEL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keypad 
 
The keypad has 16 keys, 10 of which are numeric and 6 with the following functions: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Press To 
Clock Set current date and time. 
Zero Initiate a ZERO or DIFF-BAL. 

Exchange Swap between displays (i.e. measured data/calculated data in 
Mode. 

Record Record and store a measurement. 
Y Accept values displayed and to move forward through menus. 
N Reject values displayed and to move backward through menus. 

 
 
All key presses should be firm and the user should wait for the instrument to respond
a series of options, pressing the corresponding key to the number opposite an optio
This may require entry of numeric data (i.e. recording interval) or may just change th
type).  Where numeric data is required, then a series of ?? corresponding with the nu
will be displayed.  Leading zeroes should be entered where necessary (i.e. ???? fo
for 500 ppm). 
 

LCD 
Contrast 

Adjustment 
 
 
 

LCD Display 
Keypad 
PC RS232 Connector 
Clock
Zero
Exchange
Record
Yes        No
Measure 

.  When a menu shows 
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mber of digits required 
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LCD Display and Contrast Adjustment 
 
The LCD display has 2 rows of 16 characters.  To the left of the display is a small hole that gives access to a 
potentiometer controlling the display contrast.  This can be adjusted with a small screwdriver.  At high 
temperatures, the display gets darker and may ultimately be unreadable, though CIRAS-1 continues 
working. 
 
PC RS232 Connector 
 
The 9 pin D type socket is for connection to an external PC (portable or lab-based), and provides 2-way 
RS232 communication for the following purposes  (refer to page 105 for details): 
 
1) PC-based remote control of some of the CIRAS-1 functions 
 
2) Main RS232 port for transferring stored data from CIRAS-1 to PC. 
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Electrical Connection for Cuvettes/Accessories 
 
This is used for providing power output and for input of sensor readings. Refer to page 106 for details. 
 
Absorber Columns & Desiccants 
 
CIRAS-1 is fitted with 6 absorber columns, each containing a desiccant for absorbing either CO2 or H2O. 
They are used to zero the analyser and condition the air supply. 
 
The absorber columns are fitted with foam pads at either end to retain the chemical in the column, except for 
Molecular Sieve (to avoid any CO2 hangup). Also, the Drier and Molecular Sieve combinations are separated 
by a foam pad, allowing the drier to be removed for regeneration if required. 
 
With CIRAS-1 in it's normal upright operating position and going from left to right: 
 
Column Desiccant Function 

1 Drier (2/3) / Molecular Sieve.(1/3) Zeroing both CO2 & H2O Analysers 
2 Soda Lime Zeroing CO2 Analysers 
3 Soda Lime Controlling CO2 
4 Drier Controlling H2O 
5 Drier Controlling H2O 
6 Drier (4/5)/ Molecular Sieve (1/5) Controlling H2O (see note below) 

 
The bottom panel of CIRAS-1 clearly indicates the layout and contents of all 6 absorber columns: 
 

D/MS = Drier/Molecular Sieve 
 SL = Soda Lime 
 D = Drier 
 MS = Molecular Sieve 
 
Change to Column 6 
We now recommend filling air supply column 6 with Envirogel to increase the drying capacity of the system. 
At the exit end of the column there should be a 20mm column length of Molecular Sieve to remove all traces 
of the CO2 flushed out of the Envirogel. 
 
Important Note for the Manual version of CIRAS-1 
When CIRAS-1 first went into production (approximately 1992), the system was supplied with manual control 
of both CO2 and H2O.  These systems had a slightly different absorber column configuration.  For all Manual 
systems, Column 6 is filled with Soda Lime to remove excess CO2 which may be generated by controlling 
H2O. If you are still operating a Manual version CIRAS-1, you should seriously consider having your system 
updated to Automatic.  See Contact Information on page 9. 
 
For details of the desiccants used please refer to Appendix 7  Desiccant Specifications on page 109. 
 
For service/handling related information on the absorber columns and related desiccants, please refer to our 
CIRAS-1 Troubleshooting and Service Guide. 
 
Water Vapour Equilibrator 
 
The Water Vapour Equilibrator is fitted to all CIRAS-1 systems.  It comprises of several rows of tubing 
(NAFION) housed in a black anodised housing.  This tubing has special properties associated as it is only 
permeable to H2O and nothing else.  Therefore, it is ideal for maintaining measurements at ambient under 
high humidity conditions.  For measurements above ambient, wet filter paper can be placed directly on top of 
the equilibrator grill. 
 
For service related information on the Water Vapour Equilibrator, please refer to CIRAS-1 Troubleshooting 
and Service Guide. 
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In normal laboratory use, connect the larger battery charger to the black/red sockets on the side and switch 
to INTernal.  The analyser is then powered from the mains and the internal battery is charged at the same 
time. 
 
On/Off Switch 
This toggle switch has two positions clearly labelled on and off.  To power up CIRAS-1, this switch should be 
moved to the ON position.  To turn CIRAS-1 off, simply move the switch to the OFF position. 
 
Please Note.  Older CIRAS-1 systems featured a 3 way On/Off/Sby toggle switch.   The function of each 
position is described below: 
 

Switch Position Function 
MID Off 
DOWN Standby Mode.  CIRAS-1 heaters stay on 

to maintain cell temperature. 
UP Normal Running Mode 

 
Important Note 
 
For older instruments, it is recommended that CIRAS-1 is normally recharged at night with the switch in the 
standby mode. 
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The cylinder holder is designed to ensure that the CO2 cylinder remains securely in place as it discharges. 
An additional feature of the current holder is that if the cylinder is prematurely removed then the cylinder is 
pulled off the piercing pin and the contents discharged before the holder is disengaged from the regulator. 
PP Systems recommends replacing the original regulator with the new type. 
 
USING THE HOLDER/REGULATOR 
 
Any cylinder already in use must not be removed until 24 hours has elapsed. To check the status of an 
installed cylinder, see below. 
 
Next remove the holder by unscrewing it in an anti-clockwise direction. 
 
Then take a new cylinder and rotate the neck between two fingers, which will leave a slight smear of grease 
(we had previously recommended using silicone grease, but it can get into the regulator and affect the flow 
rate). 
 
Now place the cylinder into the holder, round end first.  A slight resistance will be felt, due to the holder 
spring.  The holder should then be inserted into the sleeved hole in CIRAS-1 and carefully screwed 
clockwise onto the regulator.  It should screw on easily at first.  If there is a large initial resistance to turning 
then check it is not cross threaded.  The holder should be screwed up tight.  There will be considerable 
resistance as the cylinder is pierced.  Once the holder is tightly screwed in place, then screw back half a 
turn. This makes the next removal easier. 
 
Once a new CO2 cylinder has been inserted, it takes approximately 24 hours for it to discharge. At that point 
there will still be a residual pressure in the cylinder, but the gas volume will be minimal. Therefore, the CO2 
cylinder should ONLY be removed after a minimum of 24 hours has elapsed.  
 
Until all the liquid CO2 has evaporated the gas pressure will be between 800-1200 psi, depending on 
temperature.  The flow during this period will be relatively constant.  This should last about 12h.  After that 
the pressure will decrease and therefore the flow. Depending on the CO2 concentration required, at some 
stage the CO2 supply will become inadequate and the CIRAS-1 CO2 set value will decline. At this point the 
cylinder can be replaced with care, assuming that at least 24 hours has elapsed. 
 
Before 24 hours has elapsed there will still be significant cylinder gas pressure. If a cylinder is removed 
prematurely then the discharge of the gas is likely to damage the �O� ring that seals round the neck of the 
cylinder, and may cause the holder to fly off. Therefore DO NOT remove a cylinder before 24 hours have 
elapsed. 
 
To check the status of a cylinder see below. 
 
After the cylinder is exhausted (24 hours) then remove by unscrewing the holder.  The cylinder is held within 
the holder by the spring, which pulls it off the piercing needle as the holder is unscrewed.  When completely 
removed from CIRAS-1, a slight shake of the holder will assist in the removal of the cylinder from the holder. 
 
TO CHECK FOR GAS REMAINING IN AN INSTALLED CYLINDER 
 
METHOD 1 
 
Switch on CIRAS-1 and allow it to warm it up. Set the CO2 control to deliver 2,000 ppm CO2 (automatic 
systems) or turn the CO2 diverter control knob fully clockwise (manual systems). The air-supply unit should 
deliver a stable reference CO2 concentration of approximately 2,000 ppm CO2. If the CO2 concentration 
slowly declines (or fails to reach the set value) it is likely that the CO2 cylinder is discharged (or sufficiently 
discharged for safe removal).  However, before removing, it is best to re-check using method 2. 
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METHOD 2 
 
The air supply unit vents excess CO2 to an exhaust port. This is located on the side of Automatic CIRAS-1s, 
beneath the CO2 regulator itself. Manual CIRAS-1 (which has diverter control knobs beneath the regulator) 
has the exhaust in the base of the unit near the battery compartment. 
 
Important Note : It is very important that CIRAS-1 is switched off during this test to ensure that there is no 
possibility for water to suck back into the instrument. 
 
SWITCH OFF CIRAS-1 and attach a 30 cm piece of tubing to the exhaust port. Briefly insert the tubing into a 
beaker of water; just below the surface. A steady flow of bubbles (approximately 3-4 ml min-1) will be 
observed if the cylinder is charged. If there are no bubbles, the CO2 cylinder is probably discharged. 
 
For service related information on the CO2 Cylinder Holder/Regulator Unit, please refer to the CIRAS-1 
Troubleshooting and Service Guide. 
 

*** PROCEDURES FOR SAFE OPERATION *** 
 
The following safety procedures must be obeyed at all times: 
 
•  The CO2 cylinder must not be removed until exhausted (at least 24 hours after installation). 

•  The latest CO2 regulator is a constant flow device; its outlet must not be restricted. Otherwise, the 
pressure will rise until the safety vents open. 

•  The regulator must not be dismantled. 

•  Before inserting a fresh cylinder, it is always sensible to check that the O-ring that seals round the neck 
of the cylinder properly seated inside the regulator (it can be deformed during accidental rapid discharge 
of the cylinder). If it has been deformed then it must be replaced (Part Number STD037). The new O 
ring should be LIGHTLY coated with silicone grease before insertion. 

•  CO2 cylinders are available from a variety of sources. Be careful to ensure that the dimensions of any 
cylinder bought elsewhere are the same dimensions as those supplied by PP Systems (check the 
diameter and length of both the neck and the body). Using too big a cylinder may damage the regulator. 

**** WARNING **** 
 
The CO2 supply cannot be disabled or turned off part way through. Until the cylinder is exhausted there will 
always be CO2 flowing through the internal air supply unit (ASU).  
 
On completion of the day's measurements, or for periods during the day when the analyser is turned off, 
always disconnect the leaf cuvette reference line from CIRAS-1.  Otherwise air of a high CO2 concentration 
will leak into the cuvette from the air supply unit and take some time to disperse.  There is no need to 
remove the electrical or analysis gas connections, just the reference line.  If operating Manual Control 
version of CIRAS-1, it is also best to set the CO2/H2O control knobs to mid travel. 
 
Accessory Interface Connector 
 
The 15 pin female D connector has the following uses (refer to page 108 for details) : 
 
1) Automatic cuvettes use this connection for Light &Temperature control purposes.. 
 
2) Connection to external accessories such as the CPY-3 Canopy Assimilation Chamber, SRC-1 Soil 
Respiration Chamber, CFX-1 Soil Respiration Chamber, %RH/temperature probes, etc. 
 
3) ADC Parkinson Leaf Cuvettes can be used with the CIRAS-1 system if required, with electrical connection 
made via this connector.  Consult with PP Systems for further details. 
 



CIRAS-1 Instrument Layout 
 

CIRAS-1 Operator's Manual - Version 1.30 
- 26 - 

Exhaust 
The excess Air Supply CO2 exits CIRAS-1 through the small port next to the CO2 Cylinder holder.  It is 
easily identified as a small piece of Santoprene tubing exiting out of the side of the enclosure.  Please make 
sure that this is not blocked at any time. 
 
On earlier CIRAS-1 systems, the exhaust port is located on the back of the instrument. 
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Important Operational Notes 
 
•  Always operate CIRAS-1 in an upright, vertical position. 

•  Never connect CIRAS-1 to a battery charger without a battery fitted to the unit. 

•  Only use the battery chargers supplied by PP Systems. 

•  The larger 12V battery charger (White) can power CIRAS-1 and charge the internal battery at the same 
time.  It must, however, only be used plugged into the charger sockets RTN(Black/Negative) and 
CHG(Red/Positive).  Older CIRAS-1 units will also have to ensure that the toggle switch is placed in the 
INT position.  The smaller, wall mounted charger is for charging individual batteries directly. 

•  Always transport spare batteries with the terminals protected by insulation tape. 

•  Where an external supply is plugged into the Power Out Jack (EXTernal socket on older CIRAS-1�s), it 
must not deliver more than 15 volts, even on open circuit. 

•  Always turn CIRAS-1 off before changing batteries. 

•  When calibrating CIRAS-1, never connect a gas cylinder directly.  Always connect via a T piece venting 
to atmosphere. 

•  Never remove CO2 cylinders before exhausted.  One CO2 cylinder will provide at least one days running. 
From the time that a fresh CO2 cylinder is inserted into the holder, it will take approximately 24 hours to 
exhaust.  Therefore, never replace the CO2 cylinder until at least 24 hours has elapsed. 

•  Use only the mini CO2 gas cylinders supplied by PP Systems.  CO2 cylinders vary greatly in size, shape 
and pressure.  If you desire to purchase the CO2 cylinders from another source, you must contact PP 
Systems for approval of source. 

•  At the conclusion of measurements, always disconnect the leaf cuvette reference line from CIRAS-1.   

•  CIRAS-1 and water do not mix.  Therefore, do not use water bubblers or manometers with your system. 

•  If CIRAS-1 does not start up when switched on, or if the pumps start but there is no display, check the 
battery. 

 
In case of queries, please quote EPROM (firmware) version and CIRAS-1 serial number and contact PP 
Systems (see Contact Information on page 9). 
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Power Supply 
 
CIRAS-1 may be powered either from its own internal 12V rechargeable battery, or from the external power 
supply supplied by PP Systems (which also recharges the internal battery), or from an external battery. 
 
12V Lead Acid Battery 
 
CIRAS-1 is powered by a YUASA NP2-12 12V 2.0 Ah rechargeable lead acid battery.  The exact running 
time of a battery will depend on the state of charge of the battery; the capacity (this declines with age); and 
the ambient temperature (determines the power requirement of the thermostatted cells). 
 
The battery is located inside a compartment which is accessed from the bottom panel. The compartment is 
covered by a long metal door running across the back panel.  This is hinged close to the case side, with a 
knob at the opposite end.  To open, turn the knob one-quarter turn counter-clockwise and lift up. 
 
The internal battery must only be changed after CIRAS-1 has been turned off. 
 
To remove the battery, place a finger on the exposed edge of the battery, at the end furthest from the door 
hinge, and gently pull it up.  This is best done with CIRAS-1 resting on the top panel, on a flat surface. 
 
To fit the battery, slip it into the holder with the black edge at the bottom and the terminals located at the 
hinge end.  Push gently in, keeping the battery aligned with the CIRAS-1 body.  Close the door and turn the 
knob one-quarter turn clockwise to lock. 
 
Power Supply & Battery Charger 
 
Only use the chargers and power supply supplied by PP Systems as the charging voltages have been 
factory set for optimum performance. 
 
To use the CIRAS-1 12V Power Supply/Battery Charger supplied by PP Systems, connect the Red 
(Positive) 4mm plug to the socket labelled CHG and the Black (Negative) 2mm plug to the socket labelled 
RTN (to avoid draining battery).  The mains lead is then connected to the local power supply. 

 

To use the CIRAS-1 Battery Charger supplied by PP Systems, connect the spade connectors to the spare 
battery terminals (the Red lead to the Positive terminal and the Black lead to the Negative terminal).  The 
mains lead is then connected to the local power supply. 

 
Important Note 1 
 
The CIRAS-1 12V 2.0 Ah lead-acid battery should be checked periodically to ensure that it takes up charge. 
Directly measuring the voltage across the terminals of the battery after it has been charged over-night can 
assess this.  If the battery is not fully charged after 12 hours, check the 5 A slow blow fuse (Manual CIRAS-1 
units) or 3.15 A slow blow fuse (Automatic CIRAS-1 units) that is located on the bottom of CIRAS-1.  This 
fuse protects the charging circuit and if blown the internal battery will not take a charge. 
 
During operation, when the battery voltage drops to 10.5V, CIRAS-1 will put up a low battery display and if 
ignored, will automatically close down shortly after. 
 
For a short period after close down, the internal pumps may appear to be operating without a display.  This 
is because after shut down, the battery voltage rises leading to a restart which also leads to a fall in the 
battery voltage, etc. 
 
If the battery is changed within 3 minutes, CIRAS-1 will not go through it's normal warm-up checks when 
switched back on. 
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If CIRAS-1 does not start up when switched on, check the battery. 
 
Important Note 2 
 
The batteries should be fully charged before long-term storage.  If they are stored in a discharged state, it is 
possible that they will become deep-discharged. If this occurs, the charge capacity of the battery is 
permanently reduced. 
 
 
For service related information on the 12V lead acid rechargeable battery and chargers, please refer to the 
CIRAS-1 Troubleshooting and Service Guide. 
 
Ext/Int Switch (only on older CIRAS-1 instruments) 
 
On older CIRAS-1 instruments, the INT position selects the internal battery in parallel with an external power 
supply plugged into the black (Negative) socket labelled RTN and the red (Positive) socket labelled CHG.  
This is used for supplying CIRAS-1 through the larger battery charger supplied with the unit. 
 
The EXT position selects an external 12V power supply, through the yellow (Positive) and black sockets 
(EXT/RTN).  This must be used when an external 12V battery is connected to CIRAS-1. 
 
This distinction is necessary because an external battery can deliver a very large current, and if the internal 
battery is discharged, then the supply fuses would be blown.  The voltage of any external power supply must 
never exceed 15V or the CIRAS-1 voltage regulators may be damaged.  
 
In normal laboratory use, connect the larger battery charger to the black/red sockets on the side and switch 
to INTernal.  The analyser is then powered from the mains and the internal battery is charged at the same 
time. 
 
Using An External Battery for Extended Field Use 
 
CIRAS-1 can easily be used with an external battery for extended use in the field without the need for 
changing batteries or requiring another power supply (i.e. generator).  Any 12V battery (i.e. marine battery, 
car battery, etc.) can be used with CIRAS-1, ensuring longer operation time in the field if required. 
 
Connecting An External Battery to CIRAS-1 
 
PP Systems can supply an external power supply cable (Part Number STD071) that will enable you to 
connect an external 12V battery.  Connection is as follows: 
 

1. Connect the RED (Positive) alligator clip to the Positive terminal on the battery and the BLACK 
(Negative) alligator clip to the Negative terminal on the battery. 

2. Connect the RED (4mm plug) charger connector to the RED socket on CIRAS-1 labelled CHG and 
connect the BLACK (2mm plug) charger connector to the BLACK socket on CIRAS-1 labelled RTN. 

 
Important Note 
 
CIRAS-1 MUST be fitted with the internal YUASA NP2-12 12V 2.0 Ah rechargeable lead acid battery AND it 
must be fully charged to ensure proper use. 
 
ALWAYS pay special attention when making battery connections, as damage may occur if not connected 
properly. 
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CIRAS-1

Powering Up the System 
 
Never plug or unplug any leaf cuvette or other accessory into CIRAS-1 while it is turned on. 
Always turn CIRAS-1 OFF before plugging anything into it. 
 
After completing all the system checks and connecting the appropriate chamber/accessory (if required) to 
CIRAS-1, turn the instrument on using the power switch on the right hand side of the instrument.  The 
CIRAS-1 software for the chamber/accessory plugged into the instrument will automatically be available. 
 
Immediately after switching on the following system checks are done: 
 
CHECK 1) All system variables are checked for validity.  If any corruption is found then the following 
message is displayed for about 1 second: 
 

 
 

 
User entered value(s) are corrupted and must be re-entered from the set up menus. 
 
CHECK 2) The value of MAXC is checked to ensure it lies between 1800 and 2700. Otherwise it is reset to 
2000ppm and the following message is displayed: 
 

 
 
 

 
If this message is seen then the approximate CO2 settings with Control Option 0/1 may be out and need to 
re-set as per previous instructions. Refer to Automatic Control of the Air Supply on page 54. 
 
CHECK 3) Finally the Calibration Constants are checked.  If an error is found then the following message is 
displayed: 
 
 
 
 
Experience with CIRAS-1 has shown that it is a very stable instrument and should not require re-calibration.  
However, either user re-calibration or analyser failure can result in very poor values. The user must reset 
CIRAS-1 to the default calibration in order to establish where the problem lies. Refer to the CIRAS-1 
Troubleshooting and Service Guide for details of how to do this. 
 
4) A copyright statement is now displayed, which also shows the CIRAS-1 EPROM (firmware) version 
installed.  The following type of message should appear: 
 
 
 
 
In this case, the CIRAS-1 EPROM versio
queries.  Over the past 10 years that CIR
been modified/changed many times to m
couple of slight differences between the 
both be very close.  For a nominal fee an
by contacting PP Systems directly.  Pleas
us.  This is located on the back of your in
 
 
After about 3 seconds, the Main Menu is
various menus contained in CIRAS-1. 

CHECK KEYBOARD
ENTERED VALUES 

MAXC SET TO 
DEFAULT 

CALIB CONSTANTS 
SET TO DEFAULT 
(C)      PP SYSTEMS 
CIRAS-1 V 4.8D  2003 
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n is V. 4.8D.  This should always be noted for any service related 
AS-1 has been in production, the internal EPROM (firmware) has 
eet various requests from customers.  Although there may be a 

information contained in this manual and your system, they should 
d if interested, you can easily update the EPROM in your CIRAS-1 
e let us know the serial number of your instrument when contacting 
strument. 

 displayed.  The Menu Options section will take you through all the 
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Analyser Warm-Up 
 
All the CIRAS-1 analysis cells are thermostatted to ensure stability and accuracy of CO2 and H2O 
measurements under changing ambient conditions. 
 
CIRAS-1 will inhibit any measurements being made until the analyser has warmed up. Normally on first 
entering Measure Mode (1REC), CIRAS-1 will check the analyser temperature.  Checking continues until the 
set temperature of approximately 55oC is achieved.  During this period the following message displayed: 
 
 
 
 
 
The rate of change of the analyser temperature is now monitored, and CIRAS-1 will stay in warm-up mode 
until the analysers achieve a temperature of approximately 55oC (Tx10 = 550). Once the analysers reach 
50oC then CIRAS-1 continues checking until stability is reached and the temperature is not changing by 
more than 0.1oC per minute. 
 
If you are experiencing any problems relating to the analyser temperature, please refer to CIRAS-1 
Troubleshooting and Service Guide. 
 
Important Note Older CIRAS-1 instruments are fitted with a Standby switch that maintains analyser 
temperature during temporary/overnight power down.  If the analyser had been in standby mode prior to 
being turned on, the analyser cell temperature will have been controlled, so this phase will be faster but not 
omitted. 
 
Next, CIRAS-1 will perform both ZERO and DIFF-BAL checks before entering Measure Mode (refer to the 
Analyser Zero Functions section for more information).  This takes about 40 seconds.  The above 
temperature checking/ zero cycle is then repeated.   You may observe the following messages: 
 
 
 
 
 
 AND 
 
 
 
 
 
If there is a re-entry into the Measure Mode, there may be a ZERO depending on the time since the last one. 
 
Please Note.  After the instrument has been turned off for a short time for a battery change, the warm-up 
tests are omitted.  However, it still takes about 40 seconds before the A/D converters have completed their 
auto-zero and are giving steady readings.  During this period, the following message is displayed which is 
then followed by a zero: 
 
 
 
 
 

WARM UP DELAY 
T x 10 = 255 

CHECKING ZERO 
14 

CHECKING DIFF-BAL 
10 

INPUT ACCEPTED 
PLEASE WAIT 
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Analyser Zero Functions 
 
For service related information on ZERO and DIFF-BAL, please refer to the CIRAS-1 Troubleshooting and 
Service Guide. 
 
Types Of Zeroing Functions 
 
There are two types of zeroing functions : 
 

ZERO CO2 free dry air is passed through all the 
analyser cells and the values recorded for 
subsequent correction of analysis readings. 

DIFF-BAL The reference air is passed through all the 
analyser cells, and the values recorded for 
subsequent correction of analysis readings. 

 
Once CIRAS-1 is warmed up, ZERO is required every 30 minutes. 
 
DIFF-BAL is required if the CO2 concentration changes by more than 100 ppm or H20 concentration 
changes by more than 5 mb. 
 
When CIRAS-1 enters either zero mode it will display a count up, and when completed a message �ZERO 
ENDED� or �DIFF-BAL ENDED�. This means that the zero has been performed successfully.  If the �Time-
Out� error message is displayed, then this means that either ZERO or DIFF-BAL was not successful. 
 
Important Note 
It is essential that all chemicals (Soda Lime, Drier and Molecular Sieve) are fresh to ensure true zero reads 
on the analysers.  It is also an essential requirement of DIFF-BAL mode that the reference CO2 
concentration is steady. 
 
There are a different zero control modes available to the user, ranging from fully automatic (determined by 
CIRAS-1) to fully manual (determined by the user). However CIRAS-1 always defaults to fully automatic on 
startup. The different modes are described below. 
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ZERO CONTROL MODES 
 
Zero Mode Description Application 
 
Option 0 
 
(Manual) 

 
Apart from performing ZERO on start up, ZERO and 
DIFF-BAL are selected by the user. 
However, the analyser will prompt the user when it 
thinks a zero is required by displaying a 'ZERO or 
DIFF-BAL RECOMMENDED' message. 
Zero is initiated by pressing Key Z. 
 

 
For use only when concentrations 
are being frequently changed and the 
greatest accuracy is required.  The 
user can judge when the CO2 
concentration is steady before 
selecting the zero.  Should only be 
used by experienced users. 
 

 
Option 1 
 
(Automatic) 
 

 
ZERO and DIFF-BAL are automatically done at regular 
intervals.  However, CIRAS-1 attempts to slot them in 
when the cuvette is open. 
 

 
Ideal for a series of measurements 
that are all made at the same CO2 
concentration. 

 
Option 2 
 
(Preset) 

 
SET is used to store DIFF-BAL over a range of 
CO2/H2O concentrations.  Prior to starting 
measurements, DIFF-BAL is done over the anticipated 
CO2/H2O range at approximately 100ppm/3mb 
intervals.  The values are then stored for use during 
recording. 
 
ZERO is still done automatically at regular intervals 
 

 
Ideal for a series of measurements 
under varying CO2 concentrations 
and fast responses are required. The 
range is stored using the SET 
Option. 
 
See 3D-BAL  Preset Differential 
Balance on page 65. 
 

 
Option 3 
 
(Manual -  
No Warning) 
 

 
Identical to OPTION 0 but without display of any 
warning messages. 
 
However, the on-screen and transmitted status code 
will indicate when a zero is recommended. 
 

 
Not normally recommended. 
 
Consult with PP Systems before 
choosing this method. 
 
For experienced users who find the 
warning messages inconvenient. 
Also useful where the zero is under 
PC control. 
 

 
 
Flow diagrams of the CIRAS-1 gas circuit (including Zero, Diff-Bal, and Measure Modes) can be found in 
Appendix 5  CIRAS-1 Gas Circuits on page 99. 
 
 
 

System Calibration 
 
This product is shipped as a factory calibrated system. System calibration is not required upon receipt from 
our factory. Familiarization with the documentation and calibration procedures is required prior to future 
recalibration. See appropriate section of this manual. Any calibration related questions may be directed 
directly to PP Systems. 
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System Configuration 
 
CIRAS-1 can be used in the following configurations: 
 
•  Stand-Alone CO2/H2O Analyser, refer to page 36 
 
•  Leaf Gas Exchange System (with Leaf Cuvette attached) , refer to page 37 
 
•  Soil Respiration System (with SRC-1or CFX-1 Soil Respiration Chamber attached) , refer to page 40 
 
•  Environmental Monitoring System (with Environmental Probes attached) , refer to page 40 
 
 
Before using CIRAS-1 it is very important to check the following: 
 
•  It is always best to charge the CIRAS-1 internal battery and the spare battery the night prior to making 

measurements using both chargers supplied by PP Systems. 

•  Check that the all absorber chemicals are fresh and that all of the absorber columns are properly sealed 
and inserted into their respective manifolds.  Pay special attention to the molecular sieve desiccant, as 
this does not change colour when exhausted (see Molecular Sieve on page 109). 

•  Make sure that CIRAS-1 always stands vertically during use, with the display and keypad uppermost.  
Horizontal operation of the instrument could result in air being drawn across the surface of the 
absorbers rather than through them, causing errors in measurements. 
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Used as a Stand-Alone Analyser 
 
If you are planning on using CIRAS-1 as a stand alone IRGA, then there are no external electrical 
connections that need to be made.  Simply turn the instrument on using the power switch on the right hand 
side of the instrument.  Since no external chambers or accessories are plugged into the unit when powered 
up, CIRAS-1 will operate as a stand alone IRGA.  Pneumatic connections (Reference and Analysis) to 
CIRAS-1 can be seen in the following figure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Important No
 
The connect
tubing provi
 
DO NOT cov
IRGA, as this
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ion to the reference inlet is made to the small inner port only, using the small bore 
ded with your system. 

er the entire Reference inlet with a larger pipe when using CIRAS-1 as a stand-alone 
 will result in contamination of the reference sample by the outlet from the air supply. 

Air Supply Outlet

Reference Inlet

Air Supply Outlet 
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Used as a Leaf Gas Exchange System 
 
Never plug or unplug any leaf cuvette into CIRAS-1 while it is turned on. 
Always turn CIRAS-1 OFF before plugging anything into it. 
 
CIRAS-1 automatically detects the cuvette or accessory that is plugged into it, when going through the initial 
power up.  Before leaf gas exchange measurements can be performed, it is very important to check the 
following: 
 
•  Before going out to the field: connect the leaf cuvette (if applicable) to CIRAS-1 both electrically and 

pneumatically.  The electrical connector is notched and can only be fitted one way. 

See Leaf Cuvette Connections on page 38 for instructions. 

•  Remove empty CO2 cylinder, assuming at least 24 hours have elapsed. But before doing so refer to 
CO2 Cylinder Holder/Regulator Unit on page 23 for instructions.  Replace with new cylinder. 

 
•  Switch on the instrument and allow it to fully warmed up (30 minutes). 

•  Set the Air Supply flow rate to 300ppm Check the flow is achieved and steady. 

See Cuvette Parameters on page 46 for instructions. 

•  Set the reference CO2 control to zero. The measured value should decrease to less than 10 ppm  and 
remain steady. See Automatic Control of the Air Supply or Manual Control of the Air Supply. 

•  Set the reference CO2 control to a high value and check that it is maintained and stable. 

See Automatic Control of the Air Supply or Manual Control of the Air Supply. 

•  Check that the gaskets on the leaf cuvette (if used) are in good condition. Close the chamber without a 
leaf and run the system for 2 minutes. Check that both the CO2 and H2O differentials stabilise at 000   
(+/- 1)ppm. 

 
If all of the above checks are made and the system is operating properly, you are ready to begin taking 
measurements.  For added assistance, a document titled �CIRAS-1 Portable Photosynthesis System 
Tutorial� is available to all users.  This is a step by step guide to making leaf gas exchange measurements. 
 
If, however, you are experiencing any problems whatsoever (i.e. fluctuating CO2 differential with no leaf 
present), please refer to the CIRAS-1 Troubleshooting and Service Guide. 
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Leaf Cuvette Connections 
 
Please refer to FRONT PANEL on page 19 for additional information. 
 
For leaf gas exchange measurements, a leaf cuvette must be connected both electrically and pneumatically 
prior to powering up CIRAS-1. 
 
Electrical connections vary according to whether there is automatic control of Temperature and Light or not. 
 
Standard Leaf Cuvettes (no automatic control) have one main electrical connection (labelled PLC) to CIRAS-
1 and two pneumatic gas connections labelled Reference and Analysis.  The electrical and pneumatic 
connections to CIRAS-1 can be seen below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Electrical Connection 
The PLC electrical connector has a locating peg.  Visually locate it and present the co
CIRAS-1 electrical socket in the approximate correct position.  Gently rotate to locate
connector firmly home.  To remove the connector, the moveable shroud on the end o
the CIRAS-1 box surface should be firmly grasped and pulled upwards when the plug
essential to pull upwards on the shroud and not on the plug body. 
 
Analysis Gas Connection 
The PLC pipe with the male connector is labelled �A� and it connects to the CIRAS-1 
labelled AN.  To insert, simply push down into the socket.  To remove, push down on
(on CIRAS-1) and the connector should pop off.  On no account must the connecto
The adjacent plastic connector is the analysis outlet.  Do not cover the analysis outlet
 
Air Supply & Reference Gas Connection 
The air supply to the leaf cuvette is combined with the reference inlet to the analyser.
female connector is labelled �R� and connects to the CIRAS-1 reference connector la
simply push down onto the connector.  To remove, simply pull up on the female conn
plastic connector is the reference outlet. 
 
Important Note 
An occasional smear of silicone grease on the connectors will ease connection. 
 

*****Warnings***** 
Take care not to kink the PLC pipes. 
AIR is the inlet to the internal air supply unit.  Do not cover or block this inlet. 
REF includes the outlet from the air supply unit. Do not cover or block this outlet. 

Main Electrical 
Connection 
Analysis Inlet
nnector to the   
 the peg and push the 
f the connector close to 
 is to be removed.  It is 

analysis connector inlet 
 the female connector 
r itself be pulled.  
 port. 

 The PLC pipe with the 
belled REF.  To insert, 
ector.   The adjacent 

Reference Inlet & 
Air Supply Outlet 
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Automatic Leaf Cuvettes 
 
The PLC6 (U) Automatic Universal Leaf Cuvette connections are as for the Standard Cuvettes. 
 
For other Automatic Leaf Cuvettes, connections are as for the Standard Cuvettes, except that there are 2 
additional electrical connections to CIRAS-1. One is made to the 15 pin D type socket on the left hand side 
of CIRAS-1 and the other to the 15 pin D type plug on the right side.  The Automatic Leaf Cuvette electrical 
and pneumatic connections to CIRAS-1 can be seen below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Automatic Leaf Cu
additional power.  
connection to an e
 
Important Note 
The internal 12V, 2
It DOES NOT prov
Please refer to the
Automatic Cuvette

Main Electrical  
Connection 

Electrical 
Connection 
(15 Pin D 
Socket) 
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Used as a Soil Respiration System 
 
Never plug or unplug the SRC into CIRAS-1 while it is turned on.  Always turn CIRAS-1 off before 
plugging anything into it. 
 
The SRC-1 Soil Respiration Chamber can be used with CIRAS-1 for closed system measurement of soil 
respiration.  The electrical connection is made via the 15 pin D-type socket located on the left side of CIRAS-
1.  The pneumatic connections are made by connecting the pipe labelled �R� to the connector labelled AN 
(line with quick disconnect fitting) and the other line to the plastic analysis outlet connector adjacent to the 
AN connector.  The SRC-1 Chamber electrical and pneumatic connections (Reference and Analysis) to 
CIRAS-1 can be seen below. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Important Not
When using the
sealed type pum
chambers are s
Guide for inform
 
Used as an En
 
Never plug or 
Always turn C
 
All PP Systems

 

Analysis Inlet 
(With quick 
disconnect 
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t 
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vironmental Monitoring System 
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Menu Options 
 
When CIRAS-1 is powered up, the first menu that appears is the Main Menu.  The same menu appears 
whether a leaf cuvette or accessory is plugged in or not. 
 
 
 
 
 
 
1REC 1REC  Measurement Display/Recording 

 
•  for CIRAS-1 as a stand-alone IRGA 
 
•  for CIRAS-1 with leaf cuvette 
 
•  for CIRAS-1 with Soil Respiration Chamber 
 
•  for CIRAS-1 as an Environment Monitor 
 

2SET 2SET  System Settings 
 
•  Range of analog voltage outputs 
 
•  Averaging Limits 
 
•  Store DIFF-BAL factors in memory 
 
•  Set the Stomata Ratio (0-100%) for leaf gas exchange measurements 
 

3CAL 3CAL  Analyser Calibration) 
 

4DMP 4DMP  Access Stored Data for Display/Transfer 
 

5CLR 5CLR  Clear Stored Data from Memory 
 

6CLK 6CLK  Reset the System Clock 
 

 
As described earlier in this manual, options are selected by pressing the appropriate key.  To enter into 
Record Mode press Key 1 to Clear Memory press Key 5, etc. 
 
Important Note 
A keypress of �0� (zero) is possible from the Main Menu for looking at data inputs (diagnostics and 
initialisation).  For more information on this, please refer to the CIRAS-1 Troubleshooting and Service Guide. 
 
The menu structure that follows the Main Menu will vary slightly depending on the application at hand and 
the chamber or accessory that is used with CIRAS-1 

1REC  2SET   3CAL 
4DMP  5CLR  6CLK 
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1REC  Measurement Display/Recording 
 
From the Main Menu, a key press of 1 enters into the Measure Mode. In Measure Mode all parameters are 
both displayed and simultaneously output though the RS232 interfaces. Data output takes place at 
approximately 1.6 second intervals, and is for the purposes of remote monitoring/recording. Refer to Data 
Output Formats on page 80 for details. Recording on CIRAS-1 is either manual or automatic, as required. 
 
Important Note It is very important NOT to switch CIRAS-1 off while in the Measure Mode. 
ALWAYS return to the Main Menu using Key N and then turn CIRAS-1 off. 
Otherwise there is a small possibility that the database pointers will be corrupted. 
 
Make sure that the appropriate zero mode is selected before proceeding (fully automatic is the default on 
system startup). Please refer to Analyser Zero Functions on page 33 for more information 
 
Upon first entry the analyser normally enters a warm-up period. Please refer to Analyser Warm-Up on page 
32 for more information 
 
The data displayed depends on the accessories, if any, that are connected to CIRAS-1 :- 
 
•  for CIRAS-1 as a stand-alone IRGA, refer to page 43 
 
•  for CIRAS-1 with leaf cuvette, refer to page 45 
 
•  for CIRAS-1 with Soil Respiration Chamber, refer to page 60 
 
•  for CIRAS-1 as an Environment Monitor, refer to page 63 
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Measurements as a Stand-Alone Analyser 
 
CIRAS-1 can be used as a stand-alone CO2 & H2O Differential Gas Analyser if required.  This is particularly 
useful for measurements of whole chamber photosynthesis and balloon studies that do not require leaf 
cuvettes.  Since CIRAS-1 is powered by a 12V 2.0 Ah rechargeable lead acid battery, it can be used in both 
field and laboratory conditions.  In addition, the power supply supplied with CIRAS-1 can be plugged into the 
charger sockets with a charged battery in place for long periods of use without wearing down the battery. 
 
In Measure Mode all the environmental parameters (CO2 reference and differential, H2O reference and 
differential, etc.) are measured, displayed and recorded.  However, there are first two sub-menus that show 
the current configuration of the system and can be changed (if required) by entering the appropriate data. 
 
Submenu 1: 
 
 
 
 
 
1REC Manual or Automatic recording.  If set to M, CIRAS-1 will record manually 

upon keypress.  If set to A, CIRAS-1 will record automatically at the set 
interval (see below). 

2INT If 1REC is set to M, the recording interval is set to 0 by default.  If set to A for 
automatic recording, press Key 2 and when prompted by ???, enter the 
desired recording interval in units of 10 seconds ie. entry of 001 = record 
every 10 seconds.The maximum entry is 999, which equals 2 hour 36 
minutes and 30seconds. 

 
To proceed to the Submenu 2, press Key Y: 
 
 
 
 
 
1P Plot Number.  In this case the plot number is 01. 

The operator can change the plot number to any 2 digit value required by 
pressing Key 1 and entering the number desired. 

:90 Probe Type.  9 signifies that there is no leaf cuvette connected and the next 
digit signifies the probe type that is connected (if any) : 
 
0 ANALYSER ONLY 
1 RH/T/PAR PROBES 
2 OXYGEN PROBE 
3 SOIL RESPIRATION CHAMBER 

B Battery Voltage.  In this case there is a freshly charged battery fitted (12.3V). 
2Z Zero Type used. 

There are 4 different methods (See Analyser Zero Functions on page 33) : 
 
0 MANUAL ZERO AND DIFF-BAL 
1 AUTO ZERO AND DIFF-BAL 
2 AUTO ZERO AND STORED DIFF-BAL 
3 MANUAL ZERO WITHOUT WARNING 
 
To change, press Key 2 followed by the number associated with the zero 
option required. 

762 The number of free records remaining out of a total of 820. 
 
To proceed to Measure Mode, press Key Y. 
 

1REC: M     2INT:  0 

1P:01  :90     B: 12.3 
2Z: 1                  762 
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After all the system checks are completed (i.e. ZERO, DIFF-BAL, Analyser Temperature), CIRAS-1 will enter 
into the Measure Mode: 
 
 
 
 
 
Where the Measured Data displayed is: 
 
Top Row 
C 365 Reference CO2 concentration in ppm (parts per million). 
-045 Differential CO2 concentration in ppm (parts per million). 

This is the difference between the reference gas and the analysis gas. 
Differential concentration is +ve if the analysis gas concentration is greater than the 
reference, and -ve if it is lower. 

Q 0000 PAR (Photosynthetically Active Radiation) in µmol m2 s-1 (f a PAR sensor is connected) 
Bottom Row 
H 8.5 Reference H2O concentration in mb (millibars) 
+015 Differential H2O concentration in mb (millibars).  This is based on the difference between 

the reference gas and the analysis gas.  Differential concentrations can be displayed with 
a + for transpiration or � (no water loss). 

T 00.0 Air temperature (in 0C) (f a temperature sensor is connected) 
 
While in the Measure Mode, the following key presses are available: 
 

Key Description 
N Return to the Main Menu 

Clock Displays the clock. 
Z Performs ZERO or DIFF-BAL as required. 
R Records the current measured data.  Once pressed, a message appears 

acknowledging the request, then returns to the current display. 
4/6 Turn recording on/off if automatic recording is selected 
7/9 Switches the alarm line on the probe socket high/low for signalling. 

 
PLEASE NOTE THAT THIS IS A SIGNAL ONLY AND CANNOT DRIVE 
SOLENOID VALVES WITHOUT DRIVERS. 
PLEASE CONTACT PP SYSTEMS FOR ADVICE. 

 
Important Note 
It is very important NOT to switch CIRAS-1 off while in the Measure Mode. 
ALWAYS return to the Main Menu using Key N and then turn CIRAS-1 off. 
Otherwise there is a small possibility that the database pointers will be corrupted. 
 
Environmental Probes 
 
The measured data changes, depending on the Environmental Probe connected. 
 
HTR Probe H = %RH, T = Temperature, Q = PAR 

Differential CO2 = N/A,  Differential H2O = N/A 
 
OP Probe Differential CO2 = %O2 

C 365      -045    Q0000 
H 8.5      +015    T 00.0 
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Measuring Leaf Gas Exchange with a Leaf Cuvette 
 
PP Systems offers a complete range of Standard and Automatic leaf cuvettes for use with CIRAS-1.  The 
Standard cuvettes are designed for measurements under ambient conditions (with optional light units).  The 
Automatic Leaf Cuvettes are designed for automated control of leaf temperature and light (optional). 
 
Important Note 1 
The leaf cuvette MUST be electrically plugged into CIRAS-1 before powering up the system.  Otherwise 
CIRAS-1 will act as a stand-alone CO2/H2O Analyser and the subsequent menus will be as described in the 
previous section.  Again, CIRAS-1 automatically detects whether or not a cuvette is attached to it when it is 
first turned on. 
 
Important Note 2 
If you are working with hypostomatous leaves, you must set the stomatal ratio to a value of 0 or 100 before 
continuing on.  The default CIRAS-1 setting for stomatal ratio is 50 assuming that the leaves have stomates 
on both sides of the leaf.  To change the stomatal ratio, see 4RSRATIO on page 67. 
 
Assuming that either a Standard or Automatic leaf cuvette is properly connected to CIRAS-1, then there will 
be a series of submenus presented to you before finally reaching the Measure Mode. 
 
Note: Older CIRAS-1 systems may not display Cuvette Selection, but go straight to Cuvette Parameters. 
 
Cuvette Selection 
 
To determine the type(s) of cuvette that you are using please refer to Appendix 1  Identification of Leaf 
Cuvette Types on page 86. 
 
CIRAS-1 will recognise that a cuvette is present but it is necessary to select the type. 
If this is the first time that a cuvette has been set up then the screen will show: 
 
 
 
 
 
If a cuvette setting is stored in CIRAS-1 the
 
 
 
 
 
1:AUTO Refers to any type of cuvett

with the PP SYSTEMS light 
(Any PLC5 cuvette + PLC6.)
See below for the next menu

2: CPY For Canopy /Inflatable cuvet
the CIRAS-1 air supply  eg. s
See below for the next menu

3:STND Refers to any type of cuvette
After making this selection, th

4:AS SET The existing cuvette setting w
After making this selection, th

 

PLC TYPE    1:AUTO 
2:CPY 3:STANDARD 
O
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u
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1:AUTO Submenus 
 
 
 
 
 
 
This assumes that you have identified your cuvette type from the key in Appendix 1 
Selection of Types 1 and 2 require details of the size of the leaf aperture to be specified: 
 
 
 
 
 
 
1 BROAD Circular window 18mm Diameter, giving an area of 2.5 cm2 
2 RICE Rectangular window 25mm x 7mm, giving an area of 1.75 cm2 
3 LARGE BROAD Rectangular window 25mm x 18mm, giving an area of 4.5 cm2 
 
Now the type of lighting is selected: 
 
 
 
 
 
1:SUN AND SKY For outdoor measurements under natural lighting. 
2:LED For measurements made using LED light units or fluorescent lamps. 
3:TUNGSTEN For measurements using normal incandescent lights or light units fitted with quartz 

halogen bulbs. 
 
Ciras-1 will now display the Cuvette Parameters menus. 
 
2:CPY Submenu 
 
 
 
 
 
Where 5,20,100 L/minute refer to the maximum flows of the currently available chambers. 
 
Selection of 1 and 2 will automatically set 2 variables, FLOWX and FLOWZERO. used to calculate the flow. 
 
With the 100 L/minute option, the flowmeter varies from unit to unit and the next display requires entry of the 
calibration data supplied with the chamber. 
 
Ciras-1 will now display the Cuvette Parameters menus. 
 
Cuvette Parameters 
 
On completion of the cuvette selection process, parameters controlling the temperature and light in the 
cuvette will have been set, and the LEAF AREA, the recommended FLOW rate, RB and TRANS will have 
been set to default values.  These are shown in Appendix 2.  From the Parameter Menus, there is the 
opportunity to change them to your preferred values which will be saved and continue to be used until the 
cuvette selection is changed. 

PLC5  1:B/R  2:N 
3:C/P  PLC6  4:U 

1:BROAD 2:RICE 
3:LARGE BROAD 

1:SUN AND SKY 
2:LED 3:TUNGSTEN 

CPY          L/minute 
1:5      2:20    3:100 
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RECORDING & FLOW PARAMETERS 
 
 
 
 
 
1REC:M Manual or Automatic recording.  If set to M, CIRAS-1 will record manually 

upon keypress.  For most leaf gas exchange measurements, this is 
normally set to M.   If set to A, CIRAS-1 will record automatically at the set 
interval (see below). 

2INT:001 If 1REC is set to M, the recording interval is set to 0 by default. 
 
If 1REC is set to A for automatic recording, press Key 2 and when 
prompted by ???, enter the desired recording interval in units of 10 
seconds ie. entry of 001 = record every 10 seconds.The maximum entry is 
999, which equals 2 hour 36 minutes and 30seconds. 
 
Automatic recording can be used to start CIRAS-1 taking a series of 
records when the leaf measurements are seen to be steady, then stop 
recording and move on to the next leaf. 
 

3PMP:I Pump Flow Rate.  CIRAS-1 has its own built in air supply pumps.  This 
setting can be toggled between: 
     I  Internal Pump.  The internal sampling pump will run at a fixed rate of 
        100 ml/min. 
    E  External Pump (user supplied).   If set to E, the internal pump 
        automatically turns off.  The user must enter an external flow rate 
        using option 4 (4FLO) (see below) 

4FLO:200 This represents the flow rate to the leaf cuvette.  It can be set from 150-
470 ml/min.  Please note, the measured flow rate may differ slightly from 
the entered value as it is precisely controlled by mass flow controllers.  All 
calculations are based on the measured value flow rate. 
 
If E (External) pump is selected under 3PMP, the entered flow rate is used 
in all calculations.  CIRAS-1 allows flow rates of 150-2,500 ml/min from 
external sources. 

 
NB. The CPY air supply unit is not under CIRAS-1 control, and therefore PMP and FLO are not applicable. 
However the air supply flow rate is measured by CIRAS-1. 
 
Press Key Y to move to the next submenu. 
 
4FLO Cuvette Flowrate 
 
The total flow delivered by the air supply has to be this value plus the reference air flow which is nominally 
100mls/minute.  The total flow requirement is converted into a voltage that is fed to the air controller.  This 
monitors the signal from the air supply mass-flow sensor and controls the pumps.  The cuvette flow that is 
displayed and used in the calculations is the difference between the mass-flow measurements of the air 
supply and the reference flow.  If there is significant impedance in the cuvette, there will be a pressure rise 
at the air supply outlet, which is also the reference flow inlet.  The reference flow controller will in response 
decrease its pump drive voltage, but at some stage, the flow will be outside the control range and then the 
reference flow will increase.  Above 120 mls/minute an error message will be displayed. However, up to 150 
mls/minute the cuvette flow will still be correctly determined.  

1REC:M       2INT:001 
3PMP:I        4FLO:200 
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CUVETTE CHARACTERISTICS 
 
 
 
 
 
 
1RB Represents Boundary Layer Resistance (RB) in m2/s-1/mol-1. 

Press Key 1 to change if required.  Once 0.?? is displayed, a new value 
can be entered.  Automatic calculation of RB is available and the 
calculated value can be stored. 
See 1RB Boundary Layer Resistance on page 48. 

2TL Type of leaf temperature measurement.  If you press Key 2 repeatedly, it 
will scroll around the following options 
 EBC= Energy Balance Calculation. 
 LTM= Leaf Thermistor measurement. 
 RAD= Radiation Sensor (Infrared). 
When the method desired is displayed, this will be used. 
See 2TL Leaf Temperature Measurement on page 48. 

3T Transmission Coefficient.  This varies depending upon the cuvette and 
light source used.  Press Key 3 to change the value if required. 
See 3T Transmission Coefficient on page 50. 

4A Projected Leaf Area in cm2.   To change, press Key 4 and enter the 
appropriate value up to 999.9. NB Always enter leading zeroes. 
See 4A Leaf Area on page 51. 

 
Press Key Y to move to the next submenu. 
 
1RB Boundary Layer Resistance 
 
The boundary layer resistance is determined at the factory for each leaf cuvette. Its value is written on the 
Tested Label that is attached to each cuvette and the instrument Packing Note.  If these are lost or no longer 
shown, then please refer to CIRAS-1 Troubleshooting and Service Guide for instructions on how to measure 
the cuvette Rb. 
 
Typical Rb values for different cuvette types are: 
 

Cuvette Type Rb (m2/s-1/mol-1) 
PLC(U) Universal 0.20 
PLC(B) Broad 0.20 
PLC(N) Narrow 0.20 
PLC(C) Conifer 0.30 
PLC(P) Pod 0.30 

 
2TL Leaf Temperature Measurement 
 
Accurate measurement of leaf temperature is essential for the determination of the stomatal conductance.In 
determining the water vapour pressure gradient between the leaf and the outside air (the driving force for 
transpiration) the air inside the leaf is assumed to be saturated at the leaf temperature.  The leaf 
temperature is determined by the balance between energy absorbed by the leaf from incident radiation 
(visible and short wave infra-red), energy lost in the evaporation of water, energy either gained or lost in long 
wave radiation to the surroundings and in conduction with the surrounding air. 
 
There are three commonly used methods of leaf temperature measurement which CIRAS-1 makes available 
to the user, depending on the type of cuvette used: 
 
 

1RB: 30        2TL: EBC 
3T: 0            4A: 2.5 
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EBC Temperature determination by Energy Balance Calculation 
 
All Standard and Automatic type leaf cuvettes have this option available and we recommend this method of 
leaf temperature measurement over the LTM method described below.  This method of leaf temperature 
measurement gives a good average of leaf temperature.  As mentioned above, the energy balance of the 
leaf determines the temperature so if we can determine the components then we can calculate the 
temperature. 
 
First we need to convert the radiation falling on the leaf into the energy absorbed. We measure the visible 
quanta (PAR) and using the TRANS factor (see 3T Transmission Coefficient on page 50) convert this to 
energy absorbed. The value of TRANS depends on the energy distribution with wavelength of the source; 
the position of the PAR sensor (inside or outside the cuvette); the transmission characteristics of the cuvette 
windows; the reflection characteristics of the leaf surface; and the absorption characteristics of the leaf. 
 
From the humidity measurements and flow rate, we know the energy lost in evaporation. From our 
measurements of the boundary layer in the cuvette we can calculate the conductive heat exchanges 
between the cuvette and air.   By assuming that the cuvette wall temperature is the same as air temperature 
then we can calculate the radiation exchanges.  Using all this information, we can calculate an average leaf 
temperature. 
 
LTM Direct Leaf Temperature Measurement 
 
LTM is available with all Standard and certain Automatic type Leaf Cuvettes.  This option is not available 
with the PLC5(B) or PLC6(U) Automatic Leaf Cuvette as they have an infrared temperature sensor fitted, 
and the sensor input is used to measure the base temperature of the infrared sensor.  See RAD below. 
 
However, we do not recommend the LTM method. If a temperature sensor is pushed against the underside 
of the leaf then at least 50% of its area will be exposed to the air rather than the leaf. If it is covered to 
insulate it from the air, then the area of leaf that is also covered will not transpire nor will there be energy 
exchanges with the air.  It will therefore be at a different temperature than other areas of the leaf. 
 
Common Problems Associated with Direct Leaf Temperature Measurement 
 
•  Very small sensors have to be inserted in the leaf.  This will cause local damage to the leaf affecting 

transpiration. 
•  Conduction along the wires in air has a significant effect. 
•  IR photography of leaves shows significant patchiness in leaf temperature.  Therefore, where is the ideal 

position to place the sensor? 
 
RAD Infrared Radiation Thermometry 
 
Only the PLC5 (B) Automatic Broad Leaf Cuvette and PLC6 (U) Automatic Universal Leaf Cuvette have this 
option available, as they feature an IR sensor fitted to the base of the cuvette head. 
 
If we can determine the net radiation exchanges between the leaf and a sensor of known temperature then 
we can calculate the leaf temperature.  The sensor consists of a thermopile with an upper blackened 
absorbing surface facing the underside of the leaf. The temperature of the base of the thermopile is 
measured. If the thermopile and leaf are at the same temperature then there will be no net energy 
exchange, therefore no temperature gradient across the thermopile and no signal.  If the leaf is cooler, the 
thermopile surface will also cool relative to the base and vice-versa. The thermopile output is calibrated 
against leaf simulants of known temperature so we can determine the leaf temperature. 
 
The one limitation of this method is that the field of view of the sensor must be completely filled with leaf 
material.  Given that the leaf area of both the PLC5(B) and PLC6(U) Cuvettes is fairly small then most broad 
leaf types will completely fill the chamber, making this method of leaf temperature measurement the most 
accurate and recommended choice. 
 
Important Note 
If the leaf does not cover the entire window area, this method of leaf temperature measurement is not 
recommended.  Under these circumstances, we recommend the EBC method described above. 
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3T Transmission Coefficient 
 
In order to accurately calculate the leaf temperature from the energy balance calculation, we need to equate 
the energy inputs to the leaf and the energy losses from the leaf.  The leaf gains energy from the radiation 
incident through the cuvette window.  Depending on the leaf temperature, the leaf may gain or lose energy 
by radiation to its surroundings.  These are assumed to be at the cuvette air temperature.  Similarly, the leaf 
may gain or lose energy to the air by conduction.  Evaporation (transpiration) always removes energy from 
the leaf.  By equating all of this, it is possible to calculate leaf temperature. 
 
The radiation incident through the cuvette window which is absorbed by the leaf needs to be determined.  To 
achieve this, the PAR incident outside the cuvette needs to be measured.  By knowing the following we can 
calculate a factor referred to as Transfer Coefficient, which is then multiplied against the PAR value to get 
�energy absorbed by the leaf�: 
 

Transmission characteristics of the cuvette window 
Spectral distribution of the light source 
Typical absorption characteristics of the leaf 

 
The transmission coefficient that we use in the Energy Balance equation to calculate the light intensity within 
the cuvette varies depending on the cuvette window (IR, Perspex) and the light source.  The table below 
gives the appropriate settings under most circumstances: 
 
 
PLC Type Light Source 
 Sun & 

Sky 
Tungsten 
with Calflex 
Filter (All PP 
Systems 
Light Units) 

Tungsten 
Only 

Warm White 
Fluorescent 

Cold White 
Fluoresecent 

GroLux High 
Pressure 
Sodium 

 
Perspex Shield & 
TPX Window. 
PAR Measured 
outside the cuvette.  
Old style Standard 
PLC (C) and PLC (P) 

0.17 N/A 0.31 0.11 0.11 0.12 0.12 

 
TPX window. 
PAR measured inside 
the cuvette. 
New style PLC (C) 
and PLC (P) 

0.23 0.19 0.55 0.14 0.14 0.15 0.15 

 
Calflex Window. 
PAR measured 
outside cuvette. 
Standard PLC (B) 
and PLC (N) 

0.14 0.12 0.17 0.12 0.12 0.12 0.12 

 
Calflex Window. 
PAR Measured inside 
cuvette. 
Automatic PLC (B) 
and PLC (N). 

0.17 0.16 0.19 0.14 0.14 0.14 0.14 

 
Glass Window. 
PAR measured inside 
cuvette. 
Automatic PLC (B) 
with Hansatech FMS-
2 modification. 

0.24 0.19 0.76 0.14 0.14 0.15 0.15 

 
The above Transmission Coefficient factors should be entered for converting PAR (µmol m-2 s-1) to energy 
(Wm-2) absorbed by the leaf. 
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4A Leaf Area 
 
Total leaf area is required for calculation of assimilation (photosynthesis/respiration).  The PLC (Broad) Auto 
and PLC6 (U) small broad insert (18mm diameter) cuvettes have a known leaf area of 2.5 cm2, making leaf 
area determination very easy as long as the entire cuvette is filled with leaf sample.  Leaf area 
measurements can be made using various methods with the use of both laboratory and field portable leaf 
area meters. 
 
RECORD ID, ZERO TYPE, PAR CONTROL PARAMETERS 
 
 
 
 
 
 
 
1P:01 

 
Plot Number.  To change, simply press Key 1 and when prompted with ??, enter the 
desired plot number. 
 

 
:01 

 
Record Number.  This value automatically resets to 1 if the plot number is changed and 
increments each time a record is taken. On the 89th record it automatically resets to 1. 
 

 
B: 12.3 

 
Measured battery voltage.  Low battery warnings will be displayed when the voltage drops 
to 10.5 volts.  CIRAS-1 will automatically shut down when the voltage drops to 10 volts. 
 

 
2Z:0 

 
Zero type used. 
There are 4 different methods (See Analyser Zero Functions on page 33): 
 
0 MANUAL ZERO AND DIFF-BAL 
1 AUTO ZERO AND DIFF-BAL 
2 AUTO ZERO AND STORED DIFF-BAL 
3 MANUAL ZERO WITHOUT WARNING 
 
To change, press Key 2 followed by the number associated with the zero option required. 
 

 
3Q:  0 

 
If set to 0, as in this case, then the PAR quanta measured by the PAR sensor will be used 
in the calculations.  If another value is entered, the entered value will be used in all 
subsequent calculations.  If an external light source is used and the value known, then the 
 actual value should be entered here.  
To change the PAR value, press Key 3 and enter the appropriate value. 
 

 
820 

 
The number of free records remaining out of a total of 820. 
 

 
When satisfied with all the settings, press Key Y to enter Measure Mode. 

1P:01  :01     B: 12.3 
2Z:0  3Q:    0     820 
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Measure Mode 
 
Measure Mode is where all the measured data is displayed. 
 
On entering Measure Mode, if the cuvette is open then the temperature and light controls are disabled, both 
to save the battery and to avoid condensation in the cuvette. The CUVETTE OPEN message is displayed.  
This may be over-ridden by pressing any key on the keyboard BUT WHENEVER THE CUVETTE IS 
OPENED FROM NOW ON THE COOLING AND LAMPS WILL NOT BE SWITCHED OFF, WITH THE  RISK 
OF CONDENSATION. 
 
If all system checks (i.e. ZEROS, DIFF-BAL) are successful, the measured data will be displayed as follows: 
 
 
 
 
 
Top Row 
C 365 Reference CO2 concentration in ppm (parts per million). 
+000 Differential CO2 concentration in ppm (parts per million). 

This is the difference between the gas entering the leaf cuvette (reference) and the gas 
exiting the leaf cuvette (analysis).  Differential concentrations are displayed as -ve for CO2 
uptake (photosynthesis) and +ve for CO2 evolution (respiration). 

Q 1500 PAR (Photosynthetic Active Radiation) in µmol m2 s-1. 
Bottom Row 
H 8.5 Reference H2O concentration in mb (millibars) 
00.0 Differential H2O concentration in mb (millibars). 

This is the difference between the gas entering the leaf cuvette (reference) and the gas 
exiting the leaf cuvette (analysis).  Differential concentrations are displayed as +ve for 
transpiration  and �ve for no water loss. 

T 15.5 The cuvette air temperature in 0C 
 
 
While in Measure Mode it is possible to view the associated calculated data by pressing the EXCHANGE 
Key on the CIRAS-1 keypad.  After pressing the EXCHANGE key and after a slight pause, the calculated 
parameters will be displayed: 
 
 
 
 
 
Top Row 
E 14.25 Evaporation Rate (mmoles/m2/s) 
G 0355 Stomatal Conductance (mol m-2 s-1) 
T 16 Leaf Temperature (0C) 
Bottom Row 
A +18.0 Net Photosynthesis (µmol m-2 s-1) 
CI 0315 Internal CO2 Concentration in parts per million (ppm) 
10 2 digit Status Code (10 = PLC Closed / OK) 

Digit 1:  0=PLC Open / 1 = PLC Closed / 2 = Record Button Pressed 
Digit 2:  0=OK / 1=Diff-Bal Required / 2=Zero Required 

 
Refer to Appendix 4  Photosynthesis Equations on page 90 for more information on calculations, equations, 
units of measurement, etc. 
 
Press the EXCHANGE key revert to the measured data display. 
 
 

C 365     +000   Q 1500 
H 08.5     00.0    T 15.5 

E 14.25  G 0355  T 16 
A + 18.0  CI  0315  10 
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While in the Measure Mode, the following key presses are available: 
 

Key Description 
N Return to the Main Menu 
1 Return to Cuvette Parameters submenu. 

After making any changes, Key Y will return to Measure Mode. 
2 Return to Cuvette Characteristics submenu. 

After making any changes, Key Y will return to Measure Mode. 
3 Return to Record ID, Zero Type, PAR Control Parameters submenu. 

After making any changes, Key Y will return to Measure Mode. 
Clock Displays the clock. 

Z Performs ZERO or DIFF-BAL as required. 
Exchange Swops between the measured and calculated data. 

R Records the current measured data.  Once pressed, a message appears 
acknowledging the request, then returns to the current display. 

Y View the cuvette environment control setpoints for CO2, H2O, Temperature and 
Light. See below for more information. 

4/6 Turn recording on/off if automatic recording is selected 
7/9 Switches the alarm line on the probe socket high/low for signalling. 

 
PLEASE NOTE THAT THIS IS A SIGNAL ONLY AND CANNOT DRIVE 
SOLENOID VALVES WITHOUT DRIVERS. 
PLEASE CONTACT PP SYSTEMS FOR ADVICE. 
 

 
Important Note It is very important NOT to switch CIRAS-1 off while in the Measure Mode. 
ALWAYS return to the Main Menu using Key N and then turn CIRAS-1 off. 
Otherwise there is a small possibility that the database pointers will be corrupted. 
 
Cuvette Environment Control Setpoints 
 
All automatic CIRAS-1 systems running EPROM (firmware) version 3.0 or later will allow you to 
automatically control CO2, H2O, as well as cuvette temperature and light if an Automatic cuvette is used. 
 
From the Measure Mode (with either measured or calculated data displayed), press Key Y to view the 
control setpoints for CO2, H2O, Temperature and Light: 
 
 
 
 
 
 
1CO2 500 CO2 control setpoint in ppm.  To change, press Key 1. When prompted with ????, enter 

the desired concentration.  A leading 0 must be entered for concentrations lower than 
1,000 ppm (i.e. 0500 for 500 ppm CO2). Refer to Automatic Control of the Air Supply). 

2H 100 H2O control setpoint in mb or %ambient.  To change, press Key 2. When prompted with 
???, enter the desired concentration.  A leading 0 must be entered for humidities lower 
than 100%.  (i.e. 070 for 70% RH). Refer to Automatic Control of the Air Supply). 
Important Note 
Depending on the Control Option selected, the H2O control setpoint is either entered as a 
fraction of ambient (up to 100%) or in actual mb (which must not exceed ambient levels). 

3PAR 1000 Light control setpoint in µmol m2 s-1.  To change, press Key 3. When prompted with ????, 
enter the desired light intensity.  This option is only available with Automatic cuvettes.  A 
leading 0 must be entered for intensities lower than 1,000 µmol m2 s-1.  (i.e. 0500 for 500 
µmol m2 s-1).  The maximum intensity is dependent upon the cuvette and light unit type.  
Refer to the Leaf Cuvette Operator�s Manuals for more information. 

4T 22.0 Temperature control setpoint in oC.  To change, press Key 4. When prompted with ????, 
enter the desired temperature.  This option is only available with Automatic cuvettes.  
Temperature control is available from approximately 8 oC below ambient up to 40 oC. 

1CO2   500           2H 100
3PAR 1000            4T 22 
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After entering the desired settings, press Key Y to return to the Measure Mode. 
 
3PAR PAR Control 
 
The set value for PAR is from 0010 to 2000 (B), 1000 (N), 1500 (C/P) µmol/m2/s. 
 
For dark respiration values, with the (B) type cuvette, it is necessary to switch the light unit off. 
 
After entering a light value and returning to the measuring mode the light value will be set to an approximate 
figure but will then rapidly attain the exact value.  
 
For light values smaller than 0.5 x the maximum, only some of the lamps will be used and current 
consumption is minimised.  
 
4T Temperature Control 
 
The CONTROL temperature is the leaf temperature required, in oC. 
 
The temperature is entered as a 2 digit number. For example, 20 gives a leaf temperature of 20o C. 
 
WITH AN ENTRY OF 00 THE LEAF TEMPERATURE TRACKS AMBIENT. 
 
AN ENTRY OF 50 DISABLES ALL TEMPERATURE CONTROL. 
 
Temperature control values below ambient should only be used for long term measurements on leaves. If 
measurements at sub-ambient temperature were made rapidly on a series of leaves then hot leaves would 
be inserted in a cold cuvette which would lead to condensation within the cuvette. 
 
Although temperature control and lights are switched off when the cuvette is opened, if a cool temperature 
had been used, then it is still advisable to return the cuvette to ambient before opening, to avoid the risk of 
condensation. 
 
There is an interaction between the cooling/heating required and the light. After requesting a new PAR level 
or temperature, an assessment is made by CIRAS-1 of the current required to achieve the set point.  The 
peltier current is then set to a slightly greater value. The rate of approach to the set point is regularly re-
assessed and the current re-adjusted. 
 
Automatic Control of the Air Supply 
 
For the Air Supply Unit to operate correctly the air conditioning chemicals must NOT be exhausted and there 
must be CO2 available from the cylinder fitted. A CO2 cylinder should last one day.  Exhaustion of the 
cylinder is indicated by a steady fall in the CO2 concentration. 
 

CO2CYLINDERS MUST ON NO ACCOUNT BE REMOVED UNTIL 24 
HOURS AFTER FITTING 

 
Early CIRAS-1 systems did not offer automatic control of CO2 and H2O.  With these system, the CO2 and 
H2O is controlled manually (refer to next section). 
 
Both the CO2 and H2O are independently controlled. Changing the control setting on one will not affect the 
control value of the other.  Control is mediated through setting the duty cycle of solenoid valves. 
 
The automatic control version of CIRAS-1 offer four options for CO2/H2O control.  From the Control Setpoint 
display (see above), press Key 0 to view the Control Options: 
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The system scrolls round the options available automatically.  Key Y is used to select the displayed Control 
Option. Key N displays the next Control Option.  NB. Option 1 is the Start-up default. 
 

Option Description 
1 Reference CO2 and H2O concentrations are approximate to the required 

setpoint values (for CO2, within 10 and 30 ppm).  Setpoint values should 
be reached and stable within 1 minute. 
Important Note: the H2O concentration is set to a % of ambient  (0-
100%) and NOT mb (millibars). 
Ambient humidity is determined by the Water Vapour Equilibrator. 

2 Reference CO2 and H2O concentrations are precisely controlled to the 
required set point values.  The CO2 value is controlled within 2 ppm of the 
set point and H2O within 0.1 mb.  Set point values will take between 5 
and10 minutes to reach the desired settings. 
Important Note: the H2O concentration is set in mb (millibars) and 
NOT to a % of ambient. 

3 Analysis CO2 and H2O concentrations are precisely controlled at the 
required setpoint values.  The CO2 value is controlled within 2 ppm of the 
set point and H2O within 0.1 mb.  Setpoint values will take between 5 
and10 minutes to reach desired settings. 
Important Note: the H2O concentration is set in mb (millibars) and 
NOT to a % of ambient. 

4 Analysis CO2 is controlled as in Option 3, while the Analysis H2O is 
controlled so that there is a constant Vapour Pressure gradient between 
the leaf tissue (assumed to be saturated at leaf temperature) and the 
cuvette air.  Where it is not physically possible to control at the selected 
value, a warning is given and the valves set to either maximum or minimum 
depending on the selected value.  Set point values will take between 5 and 
15 minutes to reach desired settings.  This option depends on the presence 
of a leaf in the cuvette.  It will take quite some time to come to stability, 
particularly if the leaf stomata are also changing. 
Important Note: the H2O concentration is set in mb (millibars) and 
NOT to a % of ambient. 
The VP gradient is not displayed or recorded but can be calculated from 
the Saturated Vapour Pressure at leaf temperature (see Appendix) minus 
the analysis millibar reading. 

0 Reference CO2 achieved will be approximate to the required setpoint value 
(within 10 and 30 ppm).  Setpoint value should be reached and stable 
within 1 minute. 
Analysis H2O is controlled to the required % Relative Humidity in the 
cuvette. The Relative Humidity is referred to the leaf temperature not the 
cuvette temperature. When it is not physically possible to control at the 
selected value a warning is given and the valve is set to either maximum or 
minimum depending on the selected value. 
 
The % Relative Humidity is not displayed or recorded but can be calculated 
by dividing the analysis millibar reading by the Saturated Vapour Pressure 
at leaf temperature (see Appendix). 
 
NB.  THE HUMIDITY CONTROL VALUE INPUT BY THE USER IS THE 
PERCENTAGE RELATIVE HUMIDITY (0-100%).  HOWEVER, FOR 
REASONS OF ACCURACY IN CALCULATIONS OF GS AND CI, 
HUMIDITY VALUES GREATER THAN 75% SHOULD NOT BE USED. 

 
On selecting a Control Option, the display will revert to the Control Value menu. If Control Option 0 or 1 have 
been selected then double check that the H2O control values are still correct. 
 
When satisfied with the control values press "Y" to return to the Measure Mode.  
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Which Option Is Best? 
 
Depending on the Control Option selected, it may take a while to attain the desired settings and control 
requested. 
 
Of course, the option you choose is highly dependent upon the application at hand.  The options are listed in 
order of increasing time it takes to get into control and increasing difficulty in maintaining control. Therefore 
Option 1 is the quickest to attain its control setting and the easiest to maintain 
 
Option Applications 

1 Ideal for measurements under varying reference CO2 and H2O conditions. 
Values will be close to stability after 1 minute.  This should be used where rapid 
A/CI curves are required. 

2 Ideal for measurements under constant reference CO2 and H2O conditions.   
3 Ideal for measurements that require precise control of analysis gas 

concentrations. 
4 Ideal for vapour deficit studies. 

It depends on the presence of a leaf in the cuvette, and so will take quite some 
time to come to stability, particularly if the leaf stomata are changing. It should 
only be used for long period measurements on a single leaf, rather than rapid 
measurements on different leaves. 

 
CO2 Control 
 
On start up it will take the CO2 value several minutes to come to equilibrium as the manifold and piping has 
to flush out. 
 
Subsequent changes will be more rapid. 
 
For setting the initial CO2 values, the software has to include the value of the CO2 concentration generated 
with the solenoid valve open all the time.  Your system has been sent out with this MAXC value stored in 
memory. 
 
To reset this value, fully connect the PLC, wait until CIRAS-1 has warmed up then select CAL from the Main 
Menu.  Select CO2 calibration and enter a CO2 concentration of 0000.  CIRAS-1 will set the airflow to the 
cuvette to 300 ml/minute. 
After zeroing, the CO2 control valve will start operating with a 50% duty cycle and the display should show a 
value typically between 850 and 1400ppm.  This is the half-maximum value.  When the value is steady press 
"0", and leave the calibration routine. If the value is smaller than expected or is not steady then press N to 
quit. This could be due to an empty CO2 cylinder or the leaf chamber reference air pipe not being in place. 
On starting CIRAS-1 the MAXC value is checked to ensure that it lies between 1700 and 2800 ppm, 
otherwise it will be reset to 2000ppm 
 
When a CO2 control value is entered, it is compared with the MAXC value and if it exceeds it then it is set to 
the MAXC value.  When working with Control Option 1, if the approximate CO2 values are far away from that 
requested then first try re-setting MAXC. 
 
H2O Control 
 
With control Options 0/2/3/4 the initial humidity will be about 50% of ambient, and control will not commence 
for several minutes.  This is because the software is determining the ambient humidity. 
Subsequently, changing the control humidity value will result in an immediate response as the software is 
continuously updating this value. However changing the control type option will always result in the same 
delay. 
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Manual Control of the Air Supply 
 
When CIRAS-1 first went into production, control of both CO2 and H2O was manual, not automatic.  These 
systems can be updated (highly recommended) to the Automatic Control version by returning the instrument 
to our factory.  Please contact PP Systems or an authorised distributor for more details.  See Contact 
Information on page 9. 
 
CO2 Control 
When viewing CIRAS-1 in it's normal upright operating position, the CO2 control knob is the one closest to 
the front of the instrument (closest to the absorber columns).  To increase the CO2 concentration, the knob 
should be turned in a clockwise direction.  To decrease the CO2 concentration, the knob should be turned in 
a counter-clockwise direction.  Please note that control is non-linear, being least sensitive at the high CO2 
concentrations, requiring several turns to have much effect, and most sensitive at low CO2.  After a change 
in knob position, approximately 4 seconds will elapse before the change in concentration shows on the 
display.  Initially, the user should try to get a feel for the control by moving one turn at a time to see the 
subsequent effect. 
 
H2O Control 
When viewing CIRAS-1 in it's normal upright operating position, the H2O control knob is the one closest to 
the bottom of the instrument. To increase the H2O concentration, the knob should be turned in a clockwise 
direction.  To decrease the H2O concentration, the knob should be turned in a counter-clockwise direction.  
To work at humidities greater than ambient, the user should cover the equilibrator (the black mesh box in the 
center of the front panel) with wet filter paper.  After a change in knob position, approximately 4 seconds will 
elapse before the change in concentration shows on the display.  Initially, the user should try to get a feel for 
the control by moving one turn at a time to see the subsequent effect. 
 
The user has two options that give different interactions: 
 

1st Option Absorber Column 5 filled with drier.  When the CO2 control is changed 
from maximum to zero CO2, the humidity will DECREASE by approximately 
10% of its value at the maximum CO2 concentration. 

2nd Option Column 5 empty or filled with fresh soda lime.  With the same change in 
CO2 as above, the humidity will INCREASE by approximately 10% of the 
difference between the set humidity and the saturated vapour pressure at the 
ambient temperature. 
   

 
For service related information on the CO2 and H2O Control Knobs, please refer to the CIRAS-1 
Troubleshooting and Service Guide. 
 
Important Note 
Do not use excessive force on the CO2 and H2O knobs at their limits of travel. This could cause them to jam 
 and the knobs to slip.  If the knobs do slip, remove the blue end caps and while holding the knob firmly, 
tighten up the exposed screw.  Refit the blue end caps and try again making sure that you are turning it in 
the correct direction.  If the knob still slips, remove the knob and turn the exposed shaft with a pair of pliers 
in the correct position.  If the problem is not corrected, contact PP Systems or an authorised agent.  See 
Contact Information on page 9.  
 
Working with above Ambient H2O 
 
If it is desired to work at above ambient humidity then: - 
 
EITHER cover the equilibrator column with wet filter paper and wrap in polythene to minimise evaporation. 
 
OR fill the Air Supply Unit absorber column 3 with fresh soda lime, which will wet the air, and cover the 
equilibrator with polythene to isolate it from the ambient air. 
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Working with Ambient CO2 and H2O 
 
Although it is recommended that the CO2 cylinder be used with CIRAS-1 to provide a steady reference 
supply of air to the cuvette, CIRAS-1 can also be used to deliver ambient air to the cuvette if required. 
In order to achieve this: 
 

1. Absorber column 6 (normally filled with Molecular Sieve) and 3 (normally filled with Soda Lime) 
should be empty and firmly fitted in their respective manifolds. 

2. It is recommended (although not required) that for additional smoothing purposes, an empty CO2 
cylinder be left in place in the CO2 regulator. 

 
Note, although ambient CO2 air is your reference when CIRAS-1 is configured as above, H2O control is still 
available from ambient downwards.  If you want to deliver ambient H2O air along with ambient CO2 air, 
simply set the H2O to 100% (or at maximum mb concentration if operating under Analyser options 2-4). 
See Automatic Control of the Air Supply or Manual Control of the Air Supply. 

 
Using an External Air Supply 
 
CIRAS-1 can be used with an external air supply if required. 
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Using an External Gas Bottle 
 
CIRAS-1 can be used with an external gas bottle if required. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If this option is desired then from the Main Menu press Key 1 (1REC) and select the
cuvette used with the CIRAS-1 if applicable (see Used as a Leaf Gas Exchange Sys
selecting the cuvette, the following menu should appear: 
 
 
 
 
 
Press Key 3 (if E for External Pump is displayed) to switch to Internal Pump.  Now,
for Internal.  If I is selected, press Key 4 and enter the required flow rate (150 - 470
then be used in all subsequent calculations.  
 
If the measured flow rate is greater than the set flow (an error message will be disp
the needle valve can be closed to bring the flow into control (i.e. the air supply pu
controlling the flow). 
 
 
 
Simultaneous Fluorescence Measurements using the Hansatech
 
Please refer to the separate instructions supplied. 
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Measuring Soil Respiration with the SRC-1 
 
PP Systems offers the SRC-1 Soil Respiration Chamber (with known volume) for use with CIRAS-1 for 
closed system analysis of soil respiration.  A sealed pump must be used for the analysis pump to ensure gas 
tight seal.  All SRC-1 Soil Respiration Chambers are supplied with a sealed air sampling pump as standard.  
If you are unsure, please contact PP Systems (see Contact Information on page 9).  A sealed air sampling 
pump (Our part number STD076) must be fitted to the analysis line to ensure proper operation.   
 
Important Note 
The SRC-1 MUST be electrically plugged into CIRAS-1 before powering up the system.  Otherwise it will act 
as a stand-alone CO2/H2O Analyser and the subsequent menus will be as described on page 36.  CIRAS-1 
automatically detects whether or not the SRC-1 is attached to it when it is first turned on. 
 
With the SRC-1 properly connected to CIRAS-1, from the Main Menu press Key 1 to enter into the Measure 
Mode.  There will be a series of submenus presented to you before entering into the Measure Mode: 
 
Submenu 1 
 
 
 
 
 
1P:01 Plot Number.  To change, simply press Key 1 and when 

prompted with ??, enter the desired plot number 
:93 Indicates that an SRC-1 is connected. 

NB Record Number is not available in this mode. 
B:12.4 Measured battery voltage.  Low battery warnings will be 

displayed when the voltage drops to 10.5 volts.  CIRAS-1 will 
automatically shut down when the voltage drops to 10 volts. 

2Z:0 Refers to Zero Mode.  CIRAS-1 will automatically perform a 
ZERO every 30 minutes in between measurements. 

817 The number of free records remaining out of a total of 820. 
 
After making any necessary changes to the above menu, press the Key Y to continue: 
 
Submenu 2 
 
 
 
 
 
1:VOL  CM3:   1171 Chamber Volume (default for the SRC-1 is 1171 cm3). 

The operator can change the volume by pressing Key 1 and 
entering the number desired when prompted with ????. 
Leading zero�s should be used for volumes less than 1000 (i.e. 
0950 for 950 cm3). 

2:AREA   CM2:   78 Enclosed Ground Area (default for the SRC-1 is 78 cm2). 
The operator can change the area by pressing Key 2 and 
entering the number desired when prompted with ???. 
Leading zero�s should be used for areas less than 100 (i.e. 085 
for 85 cm2). 

 
 
When the proper volume and area values are correct, press Key Y to continue. 
The next menu will then be displayed. 

1P:01   :93        B:12.4
2Z:0                       817

1:VOL        CM3:     1171
2: AREA     CM2:     78 
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Submenu 3 
 
 
 
 
1DT:120 Refers to the default time for which the change in CO2 

concentration is monitored for the SRC-1 which is 120 seconds  
The operator can change the time any 3 digit value required by 
pressing Key 1 and entering the number desired when prompted 
with ???.  CIRAS-1 accepts inputs of 0-999 seconds.  Leading 
zero�s should be used for times less than 100 (i.e. 075 for 75 
seconds). 

2DC:  50 Refers to the default change allowed in CO2 concentration from 
time zero for the SRC-1 which is 78 cm2.  The operator can 
change the area by pressing Key 2 and entering the number 
desired when prompted with ???.  Leading zero�s should be 
used for areas less than 100 (i.e. 085 for 85 cm2). 

APPROX TEMP:25 Refers to the approximate ambient temperature where 
measurements are to be taken.  You MUST enter the 
approximate ambient temperature before taking measurements.  
The operator can change the temperature by pressing Key 3 
and entering the number desired when prompted with  ??. 

 
 
When the proper values are correct, press Key Y to continue: 
 
 
 
 
Followed by: 
 
 
 
 
 
At this point, you should place the SRC-1 on your soil sample by firmly pushing down on the chamber 
handle ensuring good seal.  When ready, press Key R.  The message �INPUT ACCEPTED PLEASE WAIT� 
will appear. 

1DT:120         2DC:   50 
APPROX TEMP:25 

HOLD CUVETTE IN 
AIR TO FLUSH 

PUT IN PLACE 
PRESS R TO START 
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After a short delay, Measure Mode display will appear: 
 
 
 
 
 
 
1DC  +10 The rate of change in CO2 concentration during the course of the 

measurement, calculated from the quadratic equation fitted to the 
measurements made. 

Q0000 Refers to the PAR (if a PAR sensor is used).  Normally, this is not 
required when performing soil respiration measurements and thus is 
normally 0000. 

T28 Refers to the soil temperature (oC) if the STP-1 Soil Temperature 
Probe is used simultaneously with the SRC-1. 
If set to 00 then the STP-1 is not being used. In this case, an STP-1 
is being used and the soil temperature reads 28o C. 

A-12.5 Refers to respiration rate in g CO2/m2/hour x 10. 
A negative value (CO2 evolution) refers to respiration. 
A positive value (CO2 uptake) refers to photosynthesis. 
The maximum rate that can be recorded is 9.99 g CO2/m2/hour. 

DT 040 Refers to the elapsed time of the measurement (sec). 
00 2 digit Status Code (00 = OK) 

Digit 1:  N/A (cuvette related) 
Digit 2:  0=OK / 1=Diff-Bal Required / 2=Zero Required 

 
Important Note It is very important NOT to switch CIRAS-1 off while in the Measure Mode. 
ALWAYS return to the Main Menu using Key N and then turn CIRAS-1 off. 
Otherwise there is a small possibility that the database pointers will be corrupted. 
 
 
After the measurement is completed when either the chosen elapsed time or the CO2 concentration change 
are exceeded. The following message then appears: 
 
 
 
 
 
To save the measurement, press Y and the record will automatically be stored.  A message similar to the 
following will be displayed: 
 
 
 
 
 
 
If you do not want the record saved, simply press Key N.  After pressing Key Y or N, the following message 
will be next be displayed: 
 
 
 
 
 
To continue making measurements, press Key R to proceed as described above. 
Please note: CIRAS-1 may perform a ZERO at this point if it is time to do so (every 30 minutes). 

DC  +10  Q0000   T28 
A-12.5    DT  104    00 

REMOVE FROM SOIL 
THEN PRESS R KEY 

PRESS Y TO SAVE 

RECORD 006 TAKEN 
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Theory of Soil Respiration Measurement 
 
During the course of the measurement, the DC and A are determined from the quadratic fitting.  The first 3 
sets of readings will show zero for these parameters as a quadratic fit requires at least 3 data sets. 
 
The rate of increase in CO2 should be linear, though any leakage to the outside air will cause it to decline 
with time.  A quadratic equation is fitted to the relationship between the increasing CO2 concentration and 
elapsed time.  A warning is given if the relationship is excessively non linear as follows: 
 
 
 
 
 
 
Measurements terminate when either the chosen elapsed time or the CO2 concentration change are 
exceeded. 
 
 
 
Measurements with Environmental Probes 
 
Refer to Measurements as a Stand-Alone Analyser on page 43. 

NON LINEAR 
RESPONSE 



2SET  System Settings 
 

 

2SET  System Settings 
 
From the Main Menu, select 2SET for: 
 
 
 
 
 
1D-A Range of analog voltage outputs  

For factory calibration purposes only.  Should not be altered. 
See 1D-A  Voltage Output Settings 

2AVL Averaging Limit. 
See 2AVL  Averaging Limit 

3D-BAL Set up Preset DIFF-BAL values for response curves. 
See 3D-BAL  Preset Differential Balance 

4RSRATIO Set the stomata ratio for leaf gas exchange measurements  
See 4RSRATIO  Stomatal Ratio 

 
 
1D-A  Voltage Output Settings 
 
There are four analog voltage outputs corresponding to the reference CO2/H2O and differential CO2/H2O 
concentrations.  These have a range of 0-5V with 8 bit (0.4% of fsd) resolution. 
 
To optimise the outputs, it is possible to set the corresponding concentration ranges. 
NB. For reference CO2/H2O,  the range must be 100 ppm / 5 mb or greater. 

For differential CO2/H2O, the range must be 25 ppm / 5 mb or greater. 
 
The first menu is for setting up CO2: 
 
 
 
 
 
 

*CO2
2L=  3
3H= 4

 
In the example shown: 

Reference output ra
Differential output ra

 
Selection of 1, 2 or 3 enable
 

1D-A      2AVL     3D-BAL 
        4RSRATIO 
*CO2*  1DIFF=200 
2L=   300   3H=450
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*   1DIFF =200 Differential Range 
00 Lower Reference Concentration 
50 Higher Reference Concentration 

nge is 300 ppm = 0V and 450 ppm = 5V 
nge is -100 ppm = 0V, 0 ppm = 2.5V, +100 ppm = 5V 

s change of the value.  Y accepts the settings. 
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The second menu is similar but for setting up H2O: 
 
 
 
 
 

*H2O*   1DIFF =10 Differential Range 
2L=  0 Lower Difference Concentration 
3H=  50 Higher Difference Concentration 

 
In the example shown: 

Reference output range is 0 mb = 0V and 50 mb = 5V 
Differential output range is -5 mb = 0V, 0 mb = 2.5V, +5 mb = 5V 

 
Selection of 1, 2 or 3 enables change of the value.  Y accepts the settings. 
 
On completion the display returns to the Main Menu. 
 
2AVL  Averaging Limit 
 
The outputs from the CO2 and H2O sensors are normally subjected to an averaging process.  This consists  
of differencing the current reading and the stored average reading (both raw data).  If the difference exceeds 
the AV Limit, the current reading replaces the average.  Otherwise, the current reading is incorporated into 
the average.  The average reading is then linearised to give the measured concentration.  The default AV 
LIMIT is 30 units corresponding to 3 ppm for CO2 and 0.2 mb for H2O.  If AV LIMIT is set to 1, averaging is 
disabled giving instantaneous readings.  The averaging band is increased as AV LIMIT is increased up to a 
maximum of 99.9 units (entered as 999). 
 
 
 
 
 
3D-BAL  Preset Differential Balance 
 
This option is to enable DIFF-BAL values to be determined over a range of concentrations.  A quadratic 
equation is fitted to the results, and this is used to determine later the DIFF-BAL factor in the measure mode. 
 
Important Note 
It is important to note that this option is available only after the instrument has been turned on for at least 30 
minutes and is stable.  In addition, a leaf cuvette must be attached and the internal air supply pumps must 
be on.  The air supply unit is used to supply the range of CO2 and H2O concentrations. 
 
Upon entry into this option, the following message is displayed: 
 
 
 
 
 
A total of 6 data sets are required to get a satisfactory fit.  It is essential that the range of concentrations 
used to set up the DIFF-BAL equation cover the expected range of measurements, because the calculations 
will not be done if the measured values are out of range.  This applies to both CO2 and H2O, and both must 
be changed to get a fit. 
 
After the above is displayed, you must enter the type of Air Supply Unit fitted: 
 
 
 
 
 

*H2O*      1DIFF=10 
2L=      0    3H =  50 

NEED 6 DATA- SETS 
C/H MUST CHANGE 

1: AUTO 
2: MANUAL   1/2? 

AV LIMIT(PPM*10) 
(1-999) = ??? 
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1:AUTO Refers to Automatic CO2 & H2O Control Version of CIRAS-1 
2: MANUAL Refers to Manual CO2 & H2O Control Version of CIRAS-1 

(Older systems) 
 
Most customers will be operating Automatic versions of CIRAS-1 and should press Key 1. 
For customers still operating Manual versions of CIRAS-1, press Key 2. 
 
After selecting the proper system, the following is displayed: 
 
 
 
 
 
Next, you will need to set the first le
then press Key 2 and enter the first H
 
Important Note.  During this proces
 
First, a ZERO is performed, the disp
 
 
 
 
 
CO2 300 First CO2 Level 
H2O 10 First H2O Level 
D 000 Differential Con
 
If the Key N is pressed at any time d
Main Menu.  When D is steady, any 
 
 
 
 
 
When this is completed, the followin
 
 
 
 
 
Pressing any key again displays the
process is repeated until 6 sets of m
 
After the final data set is completed 
 
 
 
 
 
 
After a short pause, CIRAS-1 return
(Auto Zero and Stored DIFF-BAL). S
1CO2  500          2H 100
3PAR 1000         4T 22.0
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vel of CO2 and H2O.  Press Key 1 and enter the first CO2 concentration, 
2O .  Finally, press Y to proceed. 

s 3PAR or 4T are ignored. 

lay shows the results for the first set of concentrations: 

(in ppm) 
(in mb * 100) 
centration for CO2 (above) and H2O (below) 

uring this part of the program, it aborts the fitting and returns you to the 
key (except N) results in a DIFF-BAL, during which the display shows: 

g message is displayed: 

 measured values which should be altered for the next data set.  This 
easurements have been completed.   

and after a key press, the following is displayed: 

s to the Main Menu and the Zero type is automatically set to Option 2 
ee Analyser Zero Functions on page 33. 

CO2 300       D000 
H2O 10         D000 

INPUT ACCEPTED 
PLEASE WAIT 

DATA-SET 1 
COMPLETED 

DATA-SET 6 
COMPLETED 
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4RSRATIO  Stomatal Ratio 
 
This is used to set the stomatal ratio for your plant type.  If there is equal distribution of stomata between the 
upper and lower leaf surfaces then the value should be set to 50%.  For plants with stomata on only one 
side of the plant (i.e. hypostomatous), the value should be set to either 0% or 100% (either is ok). 
 
Important Note It is very important that this setting is correct for your plant type, as it does affect the 
calculation of stomatal conductance. 
 
 
 
 
 
 

LOWER % EVAP 
(0-100)  =  ??? 
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3CAL  Analyser Calibration 
 
Important Note 
We do not recommend regular recalibration of the CIRAS-1 analyser, as the analyser has proven to be 
extremely reliable over the years (within 1% of factory calibration after several years use).  Instead, we 
recommend periodic checks against a known source, such as clean ambient air (away from CO2 sources 
such as roads, boilers etc) 
 
CIRAS-1 system incorporates novel features to minimise sensor drift and maintain system calibration. 
 
The ZERO function periodically flushes both reference and analysis cells with air that has been scrubbed to 
remove CO2 and H2O.  The measured signal under these conditions provides a base line for the instrument 
to check its own performance and correct for any drift in the absolute measurements of both CO2 and H2O.  
 
The DIFF-BAL function periodically splits the reference inlet air between the reference and analysis cells. 
The performance of the analysis and reference cells is then directly compared and balanced to ensure an 
accurate differential measurement. 
 
These self-checking features ensure that CIRAS-1 remains extremely accurate and rarely requires re-
calibration. Typically a calibration should remain valid over many months or even years.  As a result, PP 
Systems recommends that the system is periodically CHECKED against a standard (perhaps once a month, 
until users become comfortable with the instrument) but only re-calibrated if necessary. However the user 
should regularly do a quick check against clean ambient air, to check that the analyser is functioning 
correctly. 
 
CHECKING THE CO2 ANALYSER 
 
USING AMBIENT AIR 
 
The analyser can be checked very quickly by sampling clean ambient air through the reference cell inlet. It is 
not necessary to fully disconnect the cuvette, but just the Reference gas connector. Place a piece of narrow-
bore tubing over the inner reference connector pipe (see below). The outer ring of the connector must be 
unobstructed, as this is the outlet from the cuvette air supply.  A smoothing volume should be attached to 
the tubing and a further pipe used to draw in atmospheric air from a clean site. Typically, air sampled away 
from CO2 polluting sources (i.e. vehicles or chimneys) should contain between 360 to 400 ppm CO2. 
 
TUBING CONNECTED TO THE SMALL INNER REFERENCE CONNECTOR :- 
 

 
 
USING STANDARD GAS 
 
The gas from a calibrated cylinder can also be used to check the instrument, but cylinder mixtures should be 
CO2 in Air, not Nitrogen.  A T-piece must be inserted in the piping connecting CIRAS-1 to the cylinder. The 
open leg of the T-piece is fitted with a 30cm pipe to vent excess pressure to atmosphere. This is essential 
to prevent CIRAS-1 from becoming pressurised. The analyser draws its own sample and the excess gas 
is allowed to vent to atmosphere. The flow rate from the gas cylinder should be set so that the  excess is 
small, say 250 mls/minute, flowing to waste. 
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The connection to the Ciras-1 Reference inlet is as shown above, while the connection to the Analysis inlet 
is straightforward. 
 
The picture below illustrates the use of T-piece tubing connections to flow cylinder gas past the CIRAS-1 
reference and analysis connectors. 
 
Important Note 
On no account use gas bubbling through water to indicate surplus flow.  If CIRAS-1 ingests water, it is likely 
to seize the pumps and cause deposits in the cells that will affect the analyser linearity.  Repairs will likely be 
very expensive. 
 

 
 
 
Normally CIRAS-1 calibration should be within 1-2% of a certified calibration source.  If this is not the case, 
the instrument may be re-calibrated (but check chemicals are fresh first, see Absorber Columns & 
Desiccants on page 20). 
 
CHECKING THE H2O ANALYSER 
 
For H2O calibration, an air supply of known water vapour concentration (mb) is required, though not dry air.  
 
This is most easily achieved using the H2O Calibrator, which is now supplied as standard with CIRAS-1 
systems. For more details refer to the calibration section below. 
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CALIBRATING THE CIRAS-1 ANALYSER 
 
It is important to read all these instructions, as a bad calibration will result errors in 
all subsequent measurements made. 
 
It is absolutely critical that the analyser zero columns (1& 2) contain fresh chemicals before 
performing CO2/H2O calibrations.  If the chemicals are not fresh, it will cause the zero to drift, 
resulting in a bad calibration. 
 
Before starting, it is important to run the instrument for at least 30 minutes to ensure that it is fully 
warmed-up.  Sensor performance is temperature sensitive; any calibration made whilst the sensors 
are equilibrating may not be valid. 
 
CO2 and H2O calibrations can be done at different times, if needs be. 
 
CO2 Calibration 
 
For CO2 calibration, the signals from the detectors in both CO2 cells are referenced against gases of known 
CO2 concentration. The CIRAS-1 calibration procedure uses two reference points, zero CO2 (generated from 
air that has been scrubbed through soda lime, drier and molecular sieve), and a user-defined CO2 
concentration (normally a cylinder of certified CO2 composition). It is therefore vital that both of these 
references are accurate.  In the case of cylinder gas, it is sensible to crosscheck against a second cylinder 
or a clean atmospheric air sample.  Cylinder mixtures should be CO2 in Air, not Nitrogen. The zero gas will 
only be accurate if the absorber chemicals in the zero columns (absorber columns 1 and 2) are fresh. 
Particular attention should be paid to the molecular sieve, which can be contaminated by incorrect storage. 
 
Connection to the gas cylinder is the same as when checking the analyser. However connection only needs 
to be made to the Ciras-1 Reference inlet, as the reference gas is also passed through the analysis cell 
during calibration. 
 
H2O Calibration 
 
For H2O calibration, an air supply of known water vapour concentration (mb) is required, though not dry air. 
There are a number of ways that this can be obtained: 
 

1. Bubbling air through water of known temperature. Do make sure that there is a trap for liquid water 
before CIRAS-1.  SEE ABOVE IMPORTANT NOTE ABOUT CIRAS-1 AND WATER. 

2. Passing air through a suitable column filled with FeSO4.7H2O at a known temperature. This is best 
done on a closed circuit, commoning the reference and analysis outlets and connecting to the 
column air inlet.  The air should be in contact with the FeSO4 for about 12 seconds, though 
recycling will help.  Therefore, at a flow rate of 2*100 cm3/minute, a volume of 40 cm3 is required.  
FeSO4 has the advantage that no liquid water is involved that can damage CIRAS-1.  All CIRAS-1 
Portable Photosynthesis Systems are supplied with a H2O Calibrator based on this technique. 

 
 
 
For full information on CIRAS-1 CO2/H2O calibration, refer to the CIRAS-1 Troubleshooting & Service Guide. 
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4DMP  Access Stored Data for Display/Transfer 
 
This is used to display the database records on the instrument's LCD, or transmit the complete database to 
a printer or a computer.  The records are not erased in the process. 
 
 
 
 
Any entry other than 1 or 2 will retu
 
Screen Display 
 
The screen display option is used 
most recent record. 
 
The first display is: 
 
 
 
 
 
01/90 Refers to Plot Num
09/03 Refers to Day (09) 
12:19 Refers to Hour (12)

 
The Exchange Key is used to swap
measured data varies according to
etc) and is identical to that displaye
 
 
For Gas Analysis only refer to Mea
 
For Leaf Gas Exchange refer to Me
 
For Soil Respiration refer to Measu
 
For Environmental Analysis refer to
 
 
To view the next record in memo
follow the same steps to view the m
 
It is therefore possible to step bac
results.  When all the records have
 
 
 
 
 
 
After this message, you will autom
1: SCREEN DISPLAY 
2: DATA DUMP 1-2?
IR

rn to the Main Menu. 

to view the records in the database on the LCD display, starting with the 
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er 01 and Record Number 90. 
d Month (03). 
nd Minutes (19). 

between the date & time of measurement and the measured data.  The 
he type of measurement made (gas analysis only, leaf gas exchange 
 at the time of making the measurement. 

urements as a Stand-Alone Analyser on page 43. 

suring Leaf Gas Exchange with a Leaf Cuvette on page 45. 

ng Soil Respiration with the SRC-1 on page 60. 

Measurements with Environmental Probes on page 63. 

y, press Key Y (with the calculated parameters displayed above) and 
asured and calculated data associated with each record. 

through memory, searching on either date/time or measured/calculated 
een displayed, the following message is displayed: 

ically return to the Main Menu. 

NO MORE RECORDS 
IN STORE 
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Data Dump 
 
Stored data can easily be transferred from CIRAS-1 to any IBM compatible PC computer.  Transfer of data 
is through the serial ports.  Stored data is output to the PC in standard ASCII format for easy incorporation 
into commonly used spreadsheet programs such as Excel, Quattro Pro and Lotus 1-2-3.  Refer to the 
documentation supplied with your spreadsheet software for instructions on importing ASCII data. 
 
This option transfers stored data out through the RS232 ports.  The oldest data is transferred first.  The 
RS232 protocol is described under RS232 Data Output on page 78. 
 
Important Note 
It is very important to reboot your PC in MS DOS mode prior to running the RS232 Data Transfer Program.  
Some problems may occur if running Windows simultaneously. 
 
Data format is as follows: 
 

Data Format 
Baud Rate 1200 
Start Bit 1 
Data Bits 8 
Stop Bits 2 
Parity None 

 
Data Transfer for DOS Based Computers 
 
The latest DOS based software is available to registered users directly from our Web Site. 
See User Registration on page 8. 
 
Follow these steps to transfer data from CIRAS-1 to the PC using our DOS based software. 
 

1. Connect CIRAS-1 to your PC using the 9 Pin - 9 Pin grey ribbon cable supplied with your system.  
Connection is made from the 9 pin female D-Type plug (next to keypad) on the front panel of 
CIRAS-1 and the 9 pin serial port on your PC computer.  If your PC computer has a 25 pin serial 
port, you will need to use a 9 pin - 25 pin adapter. 

2. On the PC Computer, reboot the computer in MS-DOS mode. 

3. Insert the 3 ½� floppy disk containing the RS232 Data Transfer Disk supplied with your system.  
Assuming that the floppy disk is in you�re A drive, execute the program by typing �transfer�. 

From this point forward, simply follow the on-screen directions.  You will be prompted with the following 
message on the PC: 
 

ENTER DRIVE, PATH NAME (IF REQUIRED) AND FILE NAME (.DAT EXT ASSUMED) 
 

EG. C:\DATA\RESULTS> 
 
At this stage, enter the name of the file.  For this example, we will assume that the name of your file is 
c:\data\results.  After entering c:\data\results, the following message will appear: 
 
ENTER DRIVE, PATH NAME (IF REQUIRED) AND FILE NAME (.DAT EXT ASSUMED) 
(EG. C:\DATA\RESULTS >c:\data\results 
 
FILE SPECIFICATION IS c:\data\results.DAT 
PRESS <RETURN> TO CONTINUE OR <N> <RETURN> TO RE-ENTER FILESPEC> 
 
At this stage, Press <N> if you need to re-enter your file name or <CTRL><BREAK> to exit out of the 
program.  Assuming you want to continue, press <Return> and the following is displayed: 
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CIR

 
!!! WARNING !!! 

SELECTION OF THE WRONG PORT WILL RESULT IN 
THE PC LOCKING UP AND IT WILL THEN BE 

NECESSARY TO SWITCH OFF AND ON AGAIN 
 
THE PC WILL HAVE ONE OR MORE SERIAL PORTS, REFERRED TO AS COM1/COM2 ETC. 
 
WHICH PC SERIAL PORT IS CIRAS-1 CONNECTED TO (1/2)?> 
 
Enter the proper COM port for your PC.  Enter 1if your serial connection on the PC is COM1, or 2 if 
connected to COM2.  The following will be displayed: 
 

SWITCH ON CIRAS-1 
WAIT UNTIL THE CIRAS-1 MENU IS DISPLAYED 

PRESS <RETURN> TO CONTINUE 
 
Next, turn on CIRAS-1 as instructed.  When the Main Menu is displayed, press <Return> on the PC and the 
following will be displayed: 
 

SELECT 4DMP FROM MAIN CIRAS-1 MENU 
SELECT 2:DATA DUMP THE NEXT MENU 

PRESS A KEY ON THE CIRAS-1 KEYPAD NOW 
 

AWAITING DATA FROM CIRAS-1 
 
If CIRAS-1 shows transmission in progress but no data is printed on the computer screen then either the 
wrong COM port is selected and it will necessary to switch off the pc and try again, or the interconnection 
between the CIRAS-1 and computer is faulty. 
 
 
After selecting 4DMP on CIRAS-1, press Key 2 (DATA DUMP) to begin the transfer of data from CIRAS-1 to 
your PC, the display  on CIRAS-1 shows: 
 
 
 
 
 
 
Press any key on CIRAS-1 to begin 
The following message is displayed 
 
 
 
 
 
 
There is no handshake, so data will 
be displayed: 
 
On CIRAS-1: 
 
 
 
 
 

 

  N
   IN
CONNECT TO PC
ANY KEY TO SEND
transfer. 
on CIRAS-1: 
 TRANSMISSION 
  IN PROGRESS
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be immediately sent on the key press.  The following messages will now 

O MORE RECORDS 
 STORE 
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On PC Computer: 
 
DATA TRANFER COMPLETE 
ORIGINAL DATA SAVED AS c:\data\results.ORG 
SPREADSHEET COMPATIBLE DATA SAVED AS c:\data\results.DAT 
 
RETURN TO CONTINUE 
 
On completion, CIRAS-1 returns to the Main Menu. 
  
The transferred data files are automatically given .DAT and .ORG extensions.   
 
File Extension Purpose 
.DAT The .DAT data file is comma delimited making it ideal for incorporation 

into your favorite spreadsheet program. 
.ORG The .ORG data file is simply the original data string downloaded from 

CIRAS-1. 
 
Please note.  In the .ORG data string the + sign is replaced with a 0 and 
the - sign is replaced with a 1.  

 
Data Transfer for Windows Based Computers 
 
The latest Windows transfer software is available directly from our Web Site for registered users.  We 
recommend periodic visits to our Web Site for updates to ensure that you are running the latest software.  If 
you are not registered with us, you must do so before you are allowed to obtain the latest software (see User 
Registration on page 8). 
 
Data Output Formats 
 
Refer to Data Output Formats on page 80 for details. 
 
Recalculation of Photosynthesis Data 
 
PP Systems offers a simple program to registered users which allows for the recalculation of results, if 
required.  To begin using the recalculation software program, simply follow these instructions:  
 
1. From the Start button (Windows® 95, 98, NT) select <Programs> and open your Windows® MS-

DOS program. 
 
2. From the C:\WINDOWS prompt, change to the directory that contains the recalculation program (i.e. 

C:\WINDOWS>    CD  C:\CIRAS-1) 
 
3. When you are at the proper directory containing the recalculation program, simply type in 

�RECALCRS.EXE� (i.e. C:\CIRAS-1>    RECALCRS.EXE) 
 
4. The program will now prompt you to �Enter the file name containing data including extension�.  Enter 

the appropriate file name for modification (with .DAT extension) and press <return>. 
 
5. The program will now prompt you to �Enter file to be saved including extension�.  Enter a NEW file 

name (with .DAT extension) to save the recalculated data.  It is recommended that you create a 
different file name than the original file name so that the two files can be easily identified. 

 
6. Now, the program will prompt you to enter �Original Atmospheric Pressure in mbar�.  Enter the 

approximate atmospheric pressure at the time your measurements were taken and <return>. 
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7. Enter the values for Rb (Boundary Layer Resistance) and TR (Transmission Coefficient).  These 
would be the same values that you entered through the CIRAS-1 setup menu before taking your 
measurements. 

 
8. �Select Parameter For Modification�.  The user has 6 options that can be used to recalculate data 

collected by CIRAS-1 including: - 
 

1) Leaf Area (same for all data) 
2) Leaf Area (different for each set) 
3) PAR (same for all data) 
4) PAR (different for each set) 
5) Change evaporation from 50% for each surface 
6) None 

 
9. Enter 1-6 and <return> depending on what parameter you need your data recalculated for.  The 

program will prompt you for the following: 
 
Process Data Without Pause 
Display and Wait Between Each Record 

 
If you are changing the stomatal ratio for the entire data set (i.e. for hypostomatus leaves), you might want to 
choose option 1 above.  Otherwise, option 2 will allow you to change individual plot/record number data set. 
 
10. The program will now load the first Plot and Record Number (along with date/time identifier) to be 

modified. 
 
11. Follow the on screen prompts to proceed through the data sets (depending on the parameter 

selected for modification in Step 10 above). 
 
12. The user must proceed through the entire .DAT file, whether or not each record needs to be 

modified or not.  If the file does not need to be modified, simply enter the original parameter value 
that you are changing for the other records. 

 
13. Once the entire .DAT file has been modified, the user will be prompted with �Record Complete� and 

given the option of Process New Record or Quit. 
 
14. Select either <1/2> and <return>. 
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5CLR  Clear Stored Data from Memory 
 
Used to clear the database.  To ensure that this cannot be done inadvertently, several key presses are 
required.   Press Key 5 from the Main Menu to clear the data base.  The following will be displayed: 
 
 
 
 
 
If you do not want to clear the database, simply press Key N.  If you do want to clear the database, press 
Key Y twice.  You will then be asked to press Key 0 to confirm that you do indeed want to clear the 
database.  The message �Database Cleared� will be displayed before returning you to the Main Menu.  If 
any key other than the 0 key is pressed at this stage, the database will not be cleared and you will be 
returned directly to the Main Menu. 

CLEAR DATABASE 
(YY-N) ? 
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6CLK  Reset the System Clock 
 
Used to reset clock to the correct time and date.  The clock setting is always retained by the internal battery.  
From the Main Menu, press Key 6 to view the date and time: 
 
 
 
 
 
 
 

24 03 00 12 10 
Day Month Year Hour Minute 

 
 
To change the date and time, simply press Y and enter as appropriate. 
 
Important Note 
The date format is Day-Month-Year and the time is based on a 24 hour clock (i.e. 4:00pm must be entered 
as 16:00). 
 
After entering the last digit, you will see the message �Input Accepted� before returning you to the Main 
Menu.  From the Measure Mode, the clock can be accessed directly by pressing the CLOCK key. 

RESET TIME (Y-N)? 
24-03-00    12:10 
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RS232 Data Output 
 
Ascii Character Definitions 
 
 <CR> = Carriage Return 
 <LF> = Line Feed 
 
Output on Start Up and Zero Modes 
 
During Warm-up <LF>S<CR> 
 
During ZERO  <LF>Z<CR> 
 
During DIFF-BAL <LF>D<CR> 
 
These are repeated at approximately 1.6 seconds intervals until the operation is completed. 
 
Establishment of Two-Way Communications with CIRAS-1 
 
To establish 2-way communications between the PC and CIRAS-1, the PC must send a character to CIRAS-
1 approximately 10 seconds after CIRAS-1 has been turned on and the Main Menu is displayed.  During this 
period CIRAS-1 will send 
 
  <LF>O<CR> 
 
Any character can be sent to CIRAS-1, but it must be a single character without a <CR>.  This is the only 
time when CIRAS-1 will recognise a PC. CIRAS-1 will then respond by sending  
 
  <LF>A<CR> 
 
Subsequent characters sent to CIRAS-1 will be echoed back. 
 
Character codes recognised by CIRAS-1 are then:- 
 
1) B1<CR><LF> 
 
In response CIRAS-1 will send :- 
 
 <LF> RB*100, TR*100, A*10, FLO/10, TL, PMP, PROBE, Z, Q <CR> 
 <LF>A<CR> 
 

RB Boundary layer resistance (m2/s/mole)  
TR Transmission coefficient to convert PAR to energy absorbed by the leaf 
A Leaf area (cm2) 
FLO Cuvette flow rate in cm3/minute 
TL Method of leaf temperature determination 

     0 = Energy balance calculation 
     1 = Leaf thermistor 
     2 = Radiation sensor 

PMP Pump type 
     0 = Internal pump on, flow measured by internal flowmeter 
 controlled close to value set by FLO 
     1 = Internal pump off.  If a cuvette is present, then calculations 
 will be based on value entered in FLO 

PROBE Cuvette present 
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     0 = No 
     9 = Yes 

Z Type of zero 
     0 = Manual with message on CIRAS-1 LCD 
     1 =  Automatic 
     3 = Manual without message 

Q PAR measurement used in energy balance calculation 
     0 = Uses value measured by PAR sensor 
     ? = Uses value entered by user 

 
2) B2<CR><LF> 
 
In response CIRAS-1 will send:- 
 
 <LF> CO2CAL, H2OCAL, CO2CON, H2OCON, TCON, PCON, 0,0,0 <CR> 
 <LF>A<CR> 
 

CO2CAL CO2 calibration concentration 
H2OCAL H2O calibration concentration 
CO2CON Reference CO2 control setting 
H2OCON Reference H2O control setting 
TCON Cuvette air temperature setting 
PCON PAR setting 

 
3) S1<CR><LF> 
 
This is returning the data received by B1 and should be immediately followed by this line of data: 
 
RB*100, TR*100, A*10, FLO/10, TL, PMP, PROBE, Z, Q <CR><LF> 
 
CIRAS-1 will then replace its current values with these parameters. 
 
Limits on the values are as follows: 
 

RB*100 1-99 
TR*100 1-99 
A*10 1-255 
FLO/10 15-47 IF PMP=0 

15-250 IF PMP=1  
TL 0/1/2 
PMP IF PROBE=0 THEN PMP=1 

IF PROBE=9 THEN EITHER 0/1 
PROBE LEAVE AT B1 VALUE 
Z 0/1/3 
Q 0   FOR MEASUREMENT (I.E.  DO NOT 

     SEND 0 UNLESS ALLOWED ABOVE) 
1-3,000 FOR ENTERED VALUE 

 
Immediately after receiving the line, CIRAS-1 will send <LF>A<CR> 
 
4) S2<CR><LF> 
 
This is returning the data received by B2 and should be immediately followed by this line of data:- 
 
 CO2CAL, H2OCAL, CO2CON, H2OCON, TCON, PCON, 0,0,0 <CR><LF> 
 
Limits on the data are: 
 

CO2CAL 100-2,500 ppm 
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H2OCAL 6-75 mb 
CO2CON 0-2,500 ppm 
H2OCON 0-75 mb 
TCON 0-50o C 
PCON 0-2,500 µmol m2 s-1 

 
Immediately after receiving the line, CIRAS-1 will send <LF>A<CR>. 
 
5) Z1/Z2<CR><LF> 
 
Z1<CR><LF> causes CIRAS-1 to do a ZERO during which it will transmit <LF>Z<CR>.  If warmup was not 
completed, then the first ZERO will be followed by a test on the cell temperature when LF>S<CR> is 
transmitted, followed by a further ZERO.  When completed, CIRAS-1 transmits <LF>A<CR>. 
 
Z2<CR><LF> causes CIRAS-1 to do a DIFF-BAL during which it will transmit <LF>D<CR>.  When 
completed, CIRAS-1 transmits <LF>A<CR>. 
 
After first establishing communications with CIRAS-1, either return to measurement using Q when CIRAS-1 
will go through the normal warm up tests or be sure to do a ZERO (Z1) before doing a DIFF-BAL. 
 
6) C1/C2/C3/C4<CR><LF> 
 
These are for remote calibration of CIRAS-1, and before using them, it is advisable to read the calibration 
section of this manual. 
 
C1<CR><LF> is sent at the start of calibration.  It causes CIRAS-1 to do a ZERO, but leaves CIRAS-1 with 
valves set to DIFF-BAL mode so that calibration gas fed into the reference cell entry also passes through the 
analysis cell.  After completing ZERO, CIRAS-1 sends <LF>A<CR>. Q<CR><LF> should now be sent to put 
CIRAS-1 in the Measure Mode.  When the readings are steady, then communication with CIRAS-1 should 
be re-established. The correct calibration concentrations should be set up.  Then C2<CR><LF> sent for an 
H2O calibration or C3<CR><LF> for a CO2 calibration.  It is therefore possible to calibrate H2O or CO2 
independently.  Each calibration terminates with <LF>A<CR>, but still leaves the valve in the DIFF-BAL 
mode. 
 
IT IS ESSENTIAL ON COMPLETION OF THE CALIBRATION TO SEND C4<CR><LF> 
WHICH RETURNS CIRAS-1 TO THE NORMAL MEASUREMENT CONFIGURATION AFTER WHICH 
CIRAS-1 TRANSMITS <LF>A<CR>. 
 
7) Q<CR><LF> 
 
Returns CIRAS-1 to the normal measuring mode.  If this is the first return, then there will follow the normal 
warm up and ZERO.  Once computer control of CIRAS-1 has been established, CIRAS-1 will not respond to 
its own keypad. 
 
Having once established communication with CIRAS-1, communication can then be re-established at any 
time by sending any character.  
 
IF A MESSAGE "TRY AGAIN" IS SENT FROM CIRAS-1 THEN IT HAS RECEIVED A CORRUPTED 
DATA STRING AND IT IS NECESSARY TO TURN THE INSTRUMENT OFF/ON AND RETRY. 
 
Data Output Formats 
 
Data transfer take place at approximately 1.6 second intervals. 
 
Note that the character string starts with a <LF> and terminates with a <CR>. 
 
The position of each character in the string is numbered to facilitate string handling in any user program. 
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Data Output when used as a Stand-Alone Analyser 
 
A complete record consists of a single line of 71 characters (excluding <LF> and <CR>). 
It is shown on 2 lines for convenience purposes only. 
 
 
Character 
Position 

n nn nn nn/nn nn:nn nnnn -nnn.n nnnn nn.n +nn.nn 

<LF> M PP RR DDMM HHMM CO2RF +CO2DF PARM MBRF +MBDF 
 
nn.n nn.n nnnn nn.nn nnnn nn.n +nn.n nnnn nn 
CAT LAR FLOW EVAP GS TL PN CINT EC 

 
 
Position Description Units 
M Start Character Not applicable 
PP Plot Number 00-99 
RR Record Number.  Always reads 90 when used 

as a stand-alone IRGA. 
Not applicable 

DDMM Day and Month Not applicable 
HHMM Hour and Minutes Not applicable 
CO2RF CO2 Reference Concentration ppm 
+CO2DF CO2 Differential between reference and analysis 

concentrations 
ppm 

PARM Photosynthetically Active Radiation (PAR) µmol m2 s-1 
MBRF Reference H2O Concentration mb 
+MBDF H2O Differential between reference and analysis 

concentrations. 
mb 

CAT Cuvette Air Temperature oC 
LAR Leaf Area cm2 
FLOW Flow Rate To the Cuvette cm3/minute 
EVAP Transpiration Rate mol m-2 s-1 
GS Stomatal Conductance mol m-2 s-1 
TL Leaf Temperature oC 
PN Assimilation Rate 

+ = Photosynthesis 
- = Respiration 

µmol m2 s-1 

CINT Sub-stomatal CO2 Concentration ppm 
EC Error/Status Code 

00 = ok 
Not applicable 

 
Important Note 
When CIRAS-1 is used as a stand-alone IRGA, the RR value is 90 and the TL value will show an 80.  The 
calculated parameters (i.e. EVAP, GS, TL, PN, CINT) will simply record 0 values. 
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Data Output when used for Leaf Gas Exchange 
 
A complete record consists of a single line of 71 characters (excluding <LF> and <CR>). 
It is shown on 2 lines for convenience purposes only: 
 
Character 
Position 

n nn nn nn/nn nn:nn nnnn -nnn.n nnnn nn.n +nn.nn 

<LF> M PP RR DDMM HHMM CO2RF +CO2DF PARM MBRF +MBDF 
 
nn.n nn.n nnnn nn.nn nnnn nn.n +nn.n nnnn nn 
CAT LAR FLOW EVAP GS TL PN CINT EC 
 
Position Description Units 
M Start Character Not applicable 
PP Plot Number 00-99 
RR Record Number 1-89 
DDMM Day and Month Not applicable 
HHMM Hour and Minutes Not applicable 
CO2RF CO2 Reference Concentration ppm 
+CO2DF CO2 Differential between reference and analysis 

concentrations 
ppm 

PARM Photosynthetically Active Radiation (PAR) µmol m2 s-1 
MBRF Reference H2O Concentration mb 
+MBDF H2O Differential between reference and analysis 

concentrations. 
mb 

CAT Cuvette Air Temperature oC 
LAR Leaf Area cm2 
FLOW Flow Rate To the Cuvette cm3/minute 
EVAP Transpiration Rate mol m-2 s-1 
GS Stomatal Conductance mol m-2 s-1 
TL Leaf Temperature oC 
PN Assimilation Rate 

+ = Photosynthesis 
- = Respiration 

µmol CO2 m2 s-1 

CINT Sub-stomatal CO2 Concentration ppm 
EC Error/Status Code 

00 = ok 
Not applicable 
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Data Output when used for Soil Respiration 
 
A complete record consists of a single line of 64 characters (excluding <LF> and <CR>). 
It is shown on 2 lines for convenience purposes only: 
 
Character 
Position 

n nn nn nn/nn nn:nn nnnn -nnn.n nnnn nn.n +nn.nn 

<LF> M PP RR DDMM HHMM CO2RF +CO2DF PARM MBRF +MBDF 
 
nn.n nn.n nnnn nn.nn nnnn nn.n +nn.n nnnn nn 
ST LAR FLOW EVAP GS TL AR ET EC 
 
 
Position Description Units 
M Start Character Not applicable 
PP Plot Number 00-99 
RR Record Number.  When the SRC-1 Soil 

Respiration Chamber is used, this will show a 
93. 

93 

DDMM Day and Month Not applicable 
HHMM Hour and Minutes Not applicable 
CO2RF CO2 Concentration in system when the record is 

taken corrected to 1 bar pressure and for cross-
sensitivity to water vapour. 

ppm 

+CO2DF Change in CO2  concentration from the start of 
measurement to the end. 

ppm 

PARM Not Applicable µmol m2 s-1 
MBRF Water vapour concentration in millibars 

corrected to 1 bar atmospheric pressure at start 
of measurement period. 

mb 

+MBDF Change in water vapour concentration between 
the start and end of the measurement period. 

mb 

ST Soil Temperature (If STP-1 Soil Temperature 
Probe is used. 

oC 

LAR Not Applicable cm2 
FLOW Not Applicable cm3/minute 
EVAP Not Applicable mol m-2 s-1 
GS Not Applicable mol m-2 s-1 
TL Not Applicable oC 
AR Calculated CO2 exchange rate 

+ = CO2 Evolution (Respiration) 
- = CO2 Uptake (Photosynthesis) 

g m2 h x 10 

CINT Elapsed Time Seconds 
EC Error/Status Code 

00 = ok 
Not applicable 

 
Also note, updated measurements of the above format are also transmitted every 4 seconds during the 
measurement period. 
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Data output when used as an Environmental Monitoring System 
 
Depending on which accessory is used, the RR value is recorded as follows: 
 

RR  Accessory Type 
91 = HTR-2 RH/T/Light (PAR) Probe OR CH15T 

RH/Temperature Probe 
92 = OP-1 Oxygen Probe 

 
 
In addition, the following positions in the data string are also affected: 
 
With an HTR-2 RH/T/Light (PAR) Probe or CH15T RH/Temperature Probe : 
 

Position  Sensor Reading Units 
MBRF = % Relative Humidity % 
CAT = Probe Temperature oC 
PARM = PAR measured by light sensor µmol m2 s-1 

 
 
With an OP-1 Oxygen probe : 
 

Position  Sensor Reading Units 
CO2DF = % Oxygen % 
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Analog Outputs 
 
There are four analog voltage outputs (0-5V) which correspond to the reference CO2/H2O and differential 
CO2/H2O concentrations. 
 
NB. The Analog Outputs are not available if an Automatic Cuvette is connected to CIRAS-1. 
 
ZERO DIFFERENTIALS FOR BOTH CO2 AND H2O ARE OUTPUT AS + 2.5V (e.g. mid-point between 
the effective range of 0–5V).  Positive differentials, when the analysis concentration is greater than the 
reference, will give outputs greater than +2.5V.  Negative differentials, when the analysis concentration is 
less than the reference, will give outputs less than +2.5V. 
 
To maximise the resolution of the 0-5V outputs, the range of concentrations that they represent is user-
selectable, within predefined limits. 
 
RESOLUTION 
 
The 8-bit D/A gives only 256 equal steps in the output voltage from 0�5V, giving a resolution of 0.4% of fsd, 
which is far smaller than the resolution of the analyser. 
 
The Reference range is defined by the Low (0V) and High (+5V) values The values entered may be up to 
9999, but the Low value must be at least 100 ppm / 5 mb smaller than the High value ie. the range must be 
100 ppm / 5 mb or greater. 
 
The Differential range is defined by the DIFFerential value. The range is from -(DIFF/2) to +(DIFF/2) and 
must be greater than  25 ppm / 5 mb. 
 

DIFFERENTIAL REFERENCE 
 Differential 

Range (+/-) 
Minimum 
Differential 

Low 
Range 

High 
Range 

Minimum 
High � Low 

CO2 ppm 25-9999 25 0-9899 100-9999 100 
H2O mb 5-99 5 0-94 5-99 5 
 
To see current settings or to enter new ranges, refer to 1D-A  Voltage Output Settings on page 64. 
 
ELECTRICAL CONNECTIONS 
 
Connections to the D/A outputs are made through the 15 pin D connector on the right-hand side of CIRAS-1.  
Refer to page 107 for details of the pin connections. 
 
PP Systems can supply, upon request, a suitable cable for connection of CIRAS-1 to compatible data 
loggers.  Please contact us for price and availability. 
 
All outputs are within 0�5V and are generated by 8-bit D/A converters.  They have a source impedance of 
50 ohms and no more than one milliamp should be drawn so that the minimum load resistance is 50 kohms. 
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Appendix 1  Identification of Leaf Cuvette Types 
 
CIRAS-1 was introduced in 1992.  Since that time, there have been several changes in the design of 
cuvettes, as well as the introduction of automatic temperature and light control options. The original 
Standard cuvettes were designed for measurements under ambient conditions (with optional light units 
allowing user adjustment of intensity). 
 
Along with our latest gas exchange system (CIRAS-2) which was introduced in 2001, we have produced a 
new type of auto-cuvette, the PLC6 (U) Universal which uses a series of inserts for differing types of leaves.  
This new cuvette can also be used with CIRAS-1.  CIRAS-2 will also work with any of our previous cuvettes, 
though a special adaptor cable is required..  If you are using an older cuvette, you must identify it.  The 
following tables will help. 
 
Examination of the window material, its shape and size, and the size of the leaf aperture that can be seen 
beneath it, will lead to the identification of your cuvette 
 
In the following, (U) refers to UNIVERSAL, (B) refers to BROAD, (R) to RICE, (N) to NARROW (C) 
CONIFER and (P) to POD style cuvettes. 
 
Leaf Cuvettes fitted with a FLAT GLASS WINDOW 
 

Cuvette Type Dimensions of Glass 
Window 

Leaf Aperture 

PLC6 (U) Automatic 32mm x 32mm 25mm x 18mm 
25mm x 7mm 

18mm Diameter 
PLC4 (N) Standard 50mm x 25mm  
PLC5 (N) Standard or 

Automatic 
85mm x 32mm  

PLC4 (B) Standard 25mm x 25mm 18mm Diameter 
PLC4 (R) Standard 25mm x 25mm 7mm x 25mm 
PLC5 (B) Automatic 32mm x 32mm 18mm Diameter 
PLC5 (R) Automatic 32mm x 32mm 7mm x 25mm 

 
 
Leaf Cuvettes fitted with a PLASTIC HEMI-CYLINDER 
 

Cuvette Type Diameter of Cylinder Length of 
Cylinder 

PLC4 (C) Standard 50mm 70mm 
PLC5 (C) Standard or 

Automatic 
50mm 85mm 

PLC4 (P) Standard 25mm 100mm 
PLC5 (P) Standard or 

Automatic 
25mm 85mm 

PLC5 (B) Automatic 32mm x 32mm 18mm Diameter 
PLC5 (R) Automatic 32mm x 32mm 7mm x 25mm 

 
 
Having identified the cuvette type, we recommend placing a label on your cuvette 
or document it somewhere in your operator�s manuals for future reference. 
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Appendix 2  Settings for different types of PLC/Sensor 
 
For Ciras-1 to work correctly with the various types of cuvettes, CIRAS-1 control parameters must set up. 
These are listed on the following page. 
 
Apart from Leaf Area (cm2), Rb(m2.s.mol-1), FLOW(ml.minute-1)and TR(W.micromol-1) the remaining values 
are dimensionless. 
 
Rb values are typical for the cuvette type. The value actually measured for each cuvette at the time of 
manufacture is recorded on the cuvette and the Packing List. 
 
DELTA COOL, MAX COOL, MAXQ, RADX are factors relating to automatic cuvette control 
 
FLOW values are those recommended for that type of cuvette. 
 
LEAF AREA values should be set to the actual values. The values listed are typical for that type of cuvette. 
They may be used at the time of measurement to enable the system calculations to be done, if the Leaf 
Area is not known at that time. 
 
SUN, LED, and QI refer to the type of light incident on the leaf: 
 

SUN values when using normal daylight 
 
LED when using PP Systems LED light unit or any fluorescent lights 
 
QI when using incandescent lamps or halogen bulbs 

 
 



Appendix 2  Settings for different types of PLC/Sensor 
 

CIRAS-1 Operator's Manual - Version 1.30 
- 88 - 

APPENDIX 2 Settings for different types of PLC/Sensor 
 

PLC TYPE DELT
A-
COOL 

MAX 
COOL 

MAXQ RADX LA Rb FLOW SUN 
PARX 

SUN 
TR 

LED 
PARX 

LED 
TR 

QI 
PARX 

QI 
TR 

 
AUTO              
PLC5(B) 9 190 2000 1.0 2.5 0.3 200 1.0 0.17 1.0 0.14 1.0 0.16 
PLC5(R) 9 190 2000 1.7 1.7 0.3 200 1.0 0.17 1.0 0.14 1.0 0.16 
              
AUTO/STND              
PLC5(N) 20 190 1000 (1.0) 10 0.15 300 1.0 0.17 1.0 0.14 1.0 0.16 
PLC5(C/P) 20 190 1500 (1.0) 10 0.15 400 1.0 0.23 1.0 0.15 1.0 0.19 
              
STANDARD              
PLC4(B) (9) (190) (2000) (1.0) 2.5 0.3 200 1.0 0.14 1.0 0.12 1.0 0.12 
PLC4(R) (9) (190) (2000) (1.0) 1.7 0.3 200 1.0 0.14 1.0 0.12 1.0 0.12 

 
PLC6(U) with INSERTS 

 
BROAD 14 255 2000 2.5 2.5 0.3 200 1.0 0.17 1.05 0.14 1.30 0.16 
RICE 14 255 2000 2.5 1.7 0.3 200 1.0 0.17 1.05 0.14 1.30 0.16 
NARROW 14 255 2000 2.5 4.5 0.3 300 1.0 0.17 1.05 0.14 1.30 0.16 

 
                                                 External Air Supply Open Systems.(Canopy & Inflatable Chambers) Parameter for PP Systems standard units. 
 

Type FLOWZERO FLOWX 
5 Litre 1250 7.63685 
20 Litre 5000 30.5474 

 
The above table was updated as of the 16th of April 2002.
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Appendix 3  Definition of Accessory Types 
 
CIRAS-1 can automatically detect which accessory is plugged into it based on the following 
table. 
A resistor is connected between pins 1 and 6 of the 15 pin D connector fitted to the 
accessory, the value of which identifies the equipment when it is plugged into the Accessory 
Interface. 
 

Accessory Resistor Value 
 
HTR-1 Probe (RH/T/PAR) 
 

 
100K 
 

 
SRC-1 Soil Respiration Chamber 
 

 
9.1K    (2 x 4.7K) 
 

 
OP-1 Oxygen Probe 
 

 
7.2K    (2 x 3.6K) 
 

 
Other Leaf Cuvettes 
 

 
5.6K 
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Appendix 4  Photosynthesis Equations 
 
Calculations 
 
STEP 1 
 
Calculate the mass flow of air per unit leaf area entering the cuvette (W). 
 
The CIRAS-1 mass flowmeter is calibrated to read the volume flow at 20o C & 1 bar (V20).  

Since the molar volume is 22.41 at 0o C and 1 standard atmosphere, then:- 
 
 W = (V20 / 1,000) x (1 / 22.41) x (273 / 293) x (1 / 1.013) x (10,000 / a) 
 
where a is the projected leaf area. 
 
STEP 2 
 
The Transpiration rate (E) is now calculated from the water vapour pressure of the air 
entering (ein) and leaving the cuvette (eout). 
 
The molar flow of water into the cuvette is:- 
 
 (ein / P) x W mol m-2 s-1 
 
The molar flow of air out of the cuvette, due to the addition of the transpired water, is (E+W).  
Therefore, the molar flow of water out of the cuvette is:- 
 
 (eout / P) x (E + W) mol m-2 s-1 
 
But the difference between the molar flows into and out of the cuvette must equal the 
transpiration, thus:- 
 
 E = [(W + E) x (eout / P)] - (W x ein / P) 
 
Therefore:- 
 
 E = [W x (eout - ein)] / (P - eout) 
 
 
 
STEP 3 
 
The leaf temperature (tleaf) is now calculated from the energy balance.  It can be shown 
(Reference 1 and 2) that the difference between air and leaf temperature is as follows:- 
 

 ∆ t = (H - λ  E) / (0.93 x Ma x Cp /rb + [4ó x (tc + 273)3)] 
 
 tleaf = tc + ∆ t 
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Where:- 
 
 H = the incident radiation absorbed by the leaf. 
 

 λ = the latent heat of vaporisation of water. 
 
 E = the transpiration rate. 
 
 Ma = the molecular weight of air. 
 
 Cp = the specific heat at constant pressure. 
 
 rb = the boundary layer resistance to water vapour transfer (0.93 converts it to 
    that for heat). 
 
 ó = Stefan Boltzmann's constant. 
 
 tc = the cuvette air temperature. 
 
H is calculated from the Photon flux incident on the cuvette (Q), taking into account the ratio 
of infrared to PAR in the light source, the transmission through the windows, and 
reflection/absorption by the leaf. 
 
In the program, the following approximation is made:- 
 
 4ó x (tc + 273)3 - > > 4.639 + (0.0583 x tc) 
 
STEP 4 
 
From the leaf temperature, we can derive the saturated vapour pressure at leaf temperature 
(eleaf) and the stomatal resistance (rs). 
 
From step 2:- 
 
 E = W x (eout - ein) / (P - eout) 
 
but also:- 
 E = (eleaf - eout) / [P x (rs + rb)] 
 
therefore:- 
 rs = [[(eleaf - eout) / (eout - ein) x (P - eout) / P] / W] - rb 
 
but:- 
 (P - eout) / [(eout - ein) x W] = 1 / E 
 
therefore:- 
 rs = [(eleaf - eout) / (E x P)] - rb 
 
and:- 
 gs = 1 / rs 
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STEP 5 
 
The photosynthesis rate (A) is calculated from the difference in the CO2 concentration 
entering (Cin), that leaving (Cout), and the flow rate through the cuvette.  The CO2 readings 
are assumed to be corrected for water vapour, temperature, and atmospheric pressure.  Also, 
the addition of water vapour by transpiration in the leaf cuvette dilutes the outgoing air, and 
this must be compensated for in the calculation:- 
 
 A = Cin x W - Cout x (W + E) 
 
     = - [W x (Cout - Cin) + Cout x E)] 
 
But, (Cout - Cin) is the CO2 difference that is calculated and displayed by CIRAS. 
 
STEP 6 
 
Finally, for the calculation of the sub-stomatal cavity CO2 concentration (Cleaf), we use the 
equation derived by von Caemmerer & Farquhar (Reference 3):- 
 
 Cleaf = [[(gc - E / 2) x Cout] - A] / (gc + E / 2) 
 
where:- 
 gc = 1 / (1.6rs + 1.37rb) 
 
Please Note: 
These calculations assume that the leaf is exposed on both surfaces, that the upper and 
lower boundary layer resistances are similar, and that the stomata are evenly distributed on 
both surfaces. 
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Symbol Definitions 
 
Measured Parameters 
 

Symbol Measured Parameters Units 
 

V 
 
Volume flow rate of dry air into cuvette 

 
cm3 s-1 

 
a 

 
Projected leaf area 

 
cm2 

 
rb 

 
Boundary layer resistance to water vapour 

 
m2 s mol-1 

 
P 

 
Atmospheric pressure 

 
bar 

 
V20 

 
Mass flow of air into cuvette at 20o C and 1 bar 

 
cm3 s-1 

 
Q 

 
Photon flux density incident on cuvette 

 
µmol m-2 s-1 

 
tc 

 
Cuvette air temperature 

 
oC 
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Calculated Parameters 
 

Symbol Calculated Parameters Units 
 

W 
 
Mass flow of dry air per unit leaf area 

 
mol m-2 s-1 

 
ein 

 
Vapour pressure of water, of air into cuvette 

 
bar 

 
eout 

 
Vapour pressure of water, of cuvette air 

 
bar 

 
es 

 
Saturated vapour pressure, at cuvette air temperature 

 
bar 

 
eleaf 

 
Saturated vapour pressure, at leaf temperature 

 
bar 

 
tleaf 

 
Leaf Temperature 

 
oC 

 
H 

 
Radiation absorbed by the leaf 

 
W m-2 

 
 ∆ t 

 
Temperature difference between leaf and air 

 
oC 

 
Cin 

 
CO2 concentration of air into cuvette 

 
µmol mol-1 * 

 
Cout 

 
CO2 concentration of cuvette air 

 
µmol mol-1 * 

 
Cleaf 

 
Sub-stomatal cavity CO2 concentration 

 
µmol mol-1 

 
rs 

 
Stomatal resistance to water vapour 

 
m2 s mol-1 

 
gs 

 
Stomatal conductance to water vapour 

 
mmol m-2 s-1 

 
gc 

 
Total conductance to CO2 transfer 

 
mmol m-2 s-1 

 
A 

 
Rate of CO2 exchange in the cuvette 
(Photosynthesis Rate) 

 
µmol m-2 s-1 

 
E 

 
Transpiration Rate 

 
mmol m-2 s-1 

 
 
* These are assumed to be corrected for water vapour effects on the analyser measurement, 
analyser temperature, and atmospheric pressure. 
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Physical Constants used in Equations 
 
Volume of one Kg mole of gas =0.0224 m3, at 1013 millibars pressure and 273 K. 
 

Latent heat of vaporisation of water ( λ  ) = 45064.3 - (tc x 42.9) 
 
Molecular weight of air (Ma) = 28.97 
 
Specific heat at constant pressure (Cp) = 1.012 J g-1 K-1 
 
Stefan Boltzmann constant (ó) = 5.7 x 10-8 W m-2 K-4 
 
Derivation of Saturated Vapour Pressure of Water 
 
Derivation of Saturated Vapour Pressure of Water (bar) from Air Temperature from :- 
 

New Equations For Computing Vapour Pressure.  A.L. Buck, J. Appl. 
Meteorol., Vol. 20, 1527-1532, 1981. 

 
 Above 0o C:- 
 
 es = 6.13753 x EXP [ta (18.564 - ta / 254.4) / (ta + 255.57)] x 10-3 

 
 Below 0o C (above water NOT ice):- 
 
 es = 6.13753 x EXP [17.966 x ta / (ta + 247.15)] x 10-3 

 
 
References 
 
1. Parkinson, K.J. (1983).  Porometry in S.E.B. Symposium of Instrumentation for 

Environmental Physiology.  Cambridge University Press. 

2. Parkinson, K.J., W. Day and J.E. Leach (1980).  A Portable System for Measuring the 
Photosynthesis and Transpiration of Graminaceous Leaves.  J. EXPT. BOT., Vol. 31., pp 
1441-1453. 

3. von Caemmerer, S. and G.D. Farquhar (1981).  Some relationships between the 
biochemistry of photosynthesis and the gas exchange of leaves.  PLANTA, Vol. 153., pp 
376-387. 
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Corrections to Stomatal Resistance Measurements 
 
The following corrections are made to Stomatal Resistance Measurements for differing 
Transpiration Rates from the Upper and Lower Leaf Surfaces 
 
It is necessary to assume that the internal diffusion resistance to water vapour and CO2 are 
small compared with the stomatal resistances, so that there are uniform H2O and CO2 
concentrations within the leaf 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Where:- 
 
(ea) and (el) are the water vapour pressures of the cuvette air and the leaf air spaces 
respectively 
 
RB is the boundary layer resistance for whole leaf, with  RBu = RBl = 2*RB (m2.s.mol-1) 
 
RS is the total leaf resistance 
 
Then for the two leaf surfaces:- 
 
N and (1-N) are the fractions of the total evaporation 
E in mol.m-2.s-1 from the upper(u) and lower(l) leaf surfaces 
 

( )
( ) RB

NE
eaelRSu *2

*
−−=        (1) 

and 
 

( )
( ) RB

NE
eaelRSl *2

)1(*
−

−
−=        (2) 

el Leaf ==

ea 

2RB = RBu 

RSu 

RSl 

2RB = RBl 

ea 

CInt 
el 

RSu 

RSl 

ea
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RBl 
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For clarity in the following expansion let (el - ea) = D. 
 
Then from 1 and 2:- 
 

( )
( )NERBD

NE
RSu ***2

*1
−

=  

 
and :- 
 

( )
( )NERBERBD

NE
RSu ***2**2

*1
+−

=  

 
Therefore :- 
 

( ) ( ) ( )
( ) ( )NERBERBDNERBD

NERBDNEENERBERBDNE
RSlRSu ***2**2****2

***2*****2**2**11
+−−

−−++−=+

 
 
Now :- 
 







 +

=

RSl
1

RSu
1

1RS  

 
Therefore :- 
 

( ) ( )
( ) ( ) ( )NERBDNEENERBERBDNE

NERBERBDNERBDRS
***2*****2**2**

***2**2****2
−−++−

+−−=  

 
 
Which expands to :- 
 

( )NNERBNERBDE
NNEERBRBNEERBRBDERBDDRS

****4***4*
******4*****4***2*

+−
−+−=  (3) 

 
If we assume that there is equal transpiration on both surfaces 
(ie N = 0.5) then :- 
 

( )
E

ERBDeqRS *)( −=        (4) 

 
Then the error in determination of RS from making the assumption of equal transpiration on 
both sides of the leaf is (3) - (4). 
 
After expansion and simplification this becomes :- 
 

( )
( )

D
NNE

RB

NN
−−

−−
1**25.0

25.01*
       (5) 

 
When N = 0 or 1 then this equals -RB. This follows from the fact that with transpiration on one 
side only, the boundary layer resistance to subtract is 2*RB, whereas the original calculation 
has subtracted just RB. 
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Substituting in equation (5) for E/D from equation (4) 
 

( )






+

=
RBeqRSD

Eie
)(
1

:- 

 
( )

( )
( )RBeqRS

NN
RB

NNeqRStrueRS

+
−−

−−+=

)(
1*25.0

25.01*)()(      (6) 

 
 
We can then determine the magnitude of the error for various values of RS, RB and N :- 
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 Appendix 5  CIRAS-1 Gas Circuits 
 
The complete analyser gas circuit with control valves is shown in the following Figures: 
 
 
Figure 1 : CIRAS-1 Analyser Gas Circuit 
 
Figure 2: CIRAS-1 Analyser Gas Circuit (Zero Mode) 
 
Figure 3: CIRAS-1 Analyser Gas Circuit (DIFF-BAL Mode) 
 
Figure 4: CIRAS-1 Analyser Gas Circuit (Measure Mode) 
 
Figure 5: CIRAS-1 Air Supply Unit 
 
 
The normally open path through the solenoid valves is denoted by a solid line. 
The normally closed paths are denoted by dotted lines. 
 
The point at which the pressure is measured is indicated 
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Figure 2: CIRAS-1 Analyser Gas Circuit (Zero Mode) 
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Figure 3: CIRAS-1 Analyser Gas Circuit (DIFF-BAL Mode) 
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Figure 4: CIRAS-1 Analyser Gas Circuit (Measure Mode) 
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Figure 5: CIRAS-1 Air Supply Unit 
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Appendix 6  External Electrical Interfaces 
 
CIRAS-1 has 4 external interface connections as follows: 
 
•  PC RS232 Control Interface  Refer to page 105 
•  PLC Interface   Refer to page 106 
•  RS232/Analog Interface  Refer to page 107 
•  Accessory Interface   Refer to page 108 
 
Important Note 
Only the pins specified should be used, as all other pins already have dedicated functions and 
damage may result if these are connected to ground, supply or any inappropriate load. 
 
PC RS232 Control Interface 
 
The RS232/PC Control Interface is located on the top panel of CIRAS-1 (refer to page 17). 
The 9 pin D-type connector provides connection to an external PC for remote control and data 
transfer purposes. 
 

+5V

TxD

GND

RxD

1

2

3

4

5

6

7

8

9

DB-9

 
 

The only pins recommended for use are: 
 

Pin 
Number 

Description 

2 RxD Data Receive 
3 TxD Data Transmit 
5 Common Ground 
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PLC Interface 
The PLC Interface is located on the front panel of CIRAS-1 (refer to page 19). 
The 12 pin round connector is the electrical input for the Standard and Automatic type Leaf 
Cuvettes. 
 
 

B A

CDEF

GHJK

LM

A - REC/PLC OPEN
B - N.C.
C - PAR
D - RADS
E - AIR TEMP
F - RADB/LEAFTEMP
G - N.C.
H - +12V
J - RETURN
K - N.C.
L - N.C.
M - VREF 2.5V  

 
 

Pin Letter Function 
A PLC Operation 

     0V = PLC open 
     0.5-1.5V = Normal running 
     > 1.5V = Record 

C PAR Input (0-1V = 0-3,000 µmol m2 s-1) 
D Radiation Sensor (PLC (Broad) & PLC6 (U) Automatic Cuvettes only) 
E Air Temperature Thermistor 

Betatherm type 100K6 thermistors connected between Pin E and Pin M 
will correctly read the temperature. 

F Leaf Temperature Thermistor (See Pin E) 
H +12V supply (unregulated at battery voltage) 
J Return (0V) 
M 2.5V Reference Voltage.  This must not be used for purposes other than 

connecting 100K6 thermistors. 
 



Appendix 6  External Electrical Interfaces 
 

CIRAS-1 Operat

 
RS232/Analog Interface 
 
The RS232/Analog Interface is located on the right panel of CIRAS-1 (refer to page 21). 
The 15 pin male D type plug used for connection to Automatic cuvettes, for RS232 transfer of 
stored data and for the analog outputs. 
 
 

TX Out

DIG GND

1

2

3

4

5

9

10

11

12

6

7

8

13

14

15

DB-15

CO2FB
H20FB

LEAFTFB
PARFB

CO2REFB
CO2DIFB
H20REFB
H20DIFB
SIG GND

 
 
 
 
 
 
 
 
 
 

 

RS232 Output Pins 
 

Pin 
Number 

Description 

1 TxD Data Transmit 
2 Common Ground 

 
 

Absolute Analog Outputs (Full Range 0 to +5V)
 

Pin 
Number 

Description 

6 CO2 Reference 
7 H2O Reference 
8 Signal Ground 

 
 
Differential Analog Outputs (0 = +2.5V) 
 

Pin 
Number 

Description 

14 CO2 Differential 
15 H2O Differential 
8 Signal Ground 
or's Manual - Version 1.30 
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Accessory Interface 
 
The Accessory Interface is located on the left panel of CIRAS-1 (refer to page 23). 
The 15 pin D-type socket is used for connection to Automatic cuvettes or external 
accessories/probes (i.e. SRC-1 Soil Respiration Chamber, PAR Sensor, etc.).  It can also be 
adapted to accept other manufacturer�s leaf cuvettes.  Consult with PP Systems for further 
details. 
 
 

1

2

3

4

5

9

10

11

12

6

7

8

13

14

15

DB-15

+12V
T1

+5V

ALARM
SIG GND
RETURN

RH

PAR

CODE
RESISTOR

 
 
 

Pin Number Function 
1 The value of a resistor connected 

between pin 1 and 6 determines the 
accessory type (See next Section) 

2 PAR Input (0-1V = 0-3,000 µmol m2 s-1) 
3 RH Input (0-1V = 0-100% RH) 
5 Temperature Input (0-1V = 0-50o C) 
6 +5V Regulated output 
7 Fan speed in SRC-1 Soil Respiration 

Chamber 
8 Return (0V) 
12 +12V (Unregulated battery voltage) 
15 Signal Ground 
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Appendix 7  Desiccant Specifications 
 
Soda Lime 
 
Soda lime absorbs CO2.  In CIRAS-1, it is used to control the CO2 concentrations and for 
zeroing the CO2 analysers.  When exhausted it changes colour from green to brown.  
Replace it when 2/3rds of the contents are exhausted.  It cannot be regenerated and when 
exhausted and should be discarded.   
 

CAUTION : WASH YOUR HANDS AFTER HANDLING SODA LIME 
 
Drierite 
 
Drierite is a proprietary form of anhydrous calcium sulphate.  In the CIRAS-1 system, it can be 
used to control the humidity and for zeroing the H2O analysers.  It is a drier and turns pink 
when it is exhausted.  Replace it when 2/3rds of the contents are exhausted.  
We now recommend that Envirogel should be used instead. 
 
Envirogel 
 
Starting in June 2003, we began substituting Drierite with a new desiccant (drier) called 
Envirogel.  Envirogel is silica gel with an indicator (orange changing to green).  It is a low cost 
alternative to Drierite, which makes it a disposable item in most countries. However, it can be 
regenerated by heating in an oven (above 100° C but not exceeding 150° C) if necessary. 
 
Silica gel absorbs 27% of its weight in water compared with 7% for Drierite.  It is not quite as 
effective as Drierite, giving an ultimate water concentration of about 0.04mb compared with 
0.005mb, but this is adequate for measurements.  Like Drierite, Envirogel is used for zeroing 
the H2O analyzers and for controlling H2O 
 
The major disadvantage is that, as supplied, it holds significant quantities of CO2 which must 
be removed.  Molecular Sieve is used to remove this CO2. 
 
If the Envirogel is to be regenerated then a foam separator should be put between it and the 
Molecular Sieve, to allow easy separation of the two chemicals.  Otherwise the foam pad is 
not needed.  This is the case for both the zero and air supply columns. 
 
Molecular Sieve 
 
The Molecular Sieve dessicant is used for scrubbing out any excess CO2 and H2O from the 
air stream during ZERO cycles.  We recommend replacing this desiccant when the drier is 
2/3rds exhausted (molecular sieve has no indication of exhaustion).  The drier can be 
regenerated, but the molecular sieve is discarded. 
 
When testing for contaminated Molecular Sieve in the zero drier column, we recommend 
replacing the Molecular Sieve with Drier and then after a couple of ZEROs checking the 
readings.  Because of the greater quantity of CO2 in Envirogel, CIRAS must be put into ZERO 
mode in diagnostics for 40 minutes before checking. 
 
Important Note 
Molecular Sieve readily absorbs atmospheric moisture, so take care to minimise its exposure 
to the atmosphere during replacement. It is extremely important that this desiccant is 
properly stored.  It is recommended that, on first opening, the canister contents are 
subdivided into a number of small glass containers with sealed stoppers, using electrical tape 
to ensure a perfect seal. 
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For the latest MSDS on all desiccants used with PP Systems’ 
products, visit the manufacturer’s web sites directly and/or, 

click on the following links: 
 
 

Desiccant Go To: 
 

Envirogel 
 

 
http://www.envirogel.co.uk/material_safety_datasheet_env.htm 

 
Molecular 

Sieve 
 

 
http://www.molsieves.com/images/13x_apg_8x12.pdf 

 
Ferrous 
Sulphate 

 

 
http://uk.vwr.com/app/MSDS?uri=/html/gb_msds/28400.PDF 

 
Soda Lime 

 
http://www.molecularproducts.co.uk/content/products/data_sheets/SOFNOLIME.pdf 
 

 
Drierite 

 
A. Hammond DRIERITE Co. LTD  

P. O. Box 460  
Xenia, OH 45385-0460  

USA  
Phone: (937) 376-2927  

Fax: (937) 376-1977  
Email: drierite@aol.com  

Web: www.DRIERITE.com  
 

 

http://www.envirogel.co.uk/material_safety_datasheet_env.htm
http://www.molsieves.com/images/13x_apg_8x12.pdf
http://uk.vwr.com/app/MSDS?uri=/html/gb_msds/28400.PDF
http://www.molecularproducts.co.uk/content/products/data_sheets/SOFNOLIME.pdf
mailto:drierite@aol.com
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