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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 acts as Hyperlinks. 
 
 

User Registration 
 
It is very important that ALL new customers register themselves with us to ensure that our 
user’s list is kept up to date.  If you are a PP Systems’ user, 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. 
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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 authorised agent for repair or replacement of the 
defective part(s). 
 

Contact Information 
 

USA & Canada 
PP Systems, Inc. 
110 Haverhill Rd, Suite 301 
Amesbury, MA  01913 
USA 
Tel:  +1 978-834-0505 
Fax:  +1 978-834-0545 

 
Sales:  sales@ppsystems.com 
Support: support@ppsystems.com 
Service: service@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 
checklist supplied (if applicable) 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 appropriate checklist are not included or 
damaged, you must contact PP Systems or authorised distributor immediately. 
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Introduction 
 
The CPY-3 open system canopy chambers measure the efflux of CO2 from the canopy 
enclosed.  The “Open System” design allows the efflux to be determined from the change in 
the CO2 concentration of a constant, measured flow of air passing over the canopy.  Steady 
state conditions in the chamber allow for accurate spot measurements of the net CO2 and 
H2O flux as well as long-term studies of diurnal changes in whole plant canopies and from 
soil surface.  The system is suitable for unattended operation in the field, if required. 
 
The complete system comprises the CPY-3 Chamber, CIM Control Module and an Analyser. 
There is a range of sizes of CPY-3 chambers available. The construction varies with the size 
of the chamber. The CIM provides the air supply to the chamber, along with any gas switching 
required (if used with an absolute analyser). The system can be used with either a stand-
alone analyser or an absolute analyser integrated into the CIM within a water resistant 
enclosure. 
 

CPY Chamber 
 
The chamber is made from transparent material and is mounted on a stainless steel base 
ring.  Air is pumped in through a port in the side and then passes over the plant canopy 
before venting to atmosphere through an exhaust. 
 
The chamber exhaust is designed to generate minimal internal over-pressure, allowing for 
normal soil-atmosphere gas exchanges. Depending on the model, either a simple tube is 
used or else it is a chimney at the top of the chamber, capped to prevent water ingress. 
 
Air stirring fans are mounted inside the chamber. 
The chamber is fitted with a temperature sensor to measure the chamber air temperature. 
The light sensor inside the chamber measures the PAR above the canopy. 
 
The chamber is designed to stand on the ground or fit onto rings pushed into the ground. 
 
Additional ground rings for permanent installations can be supplied. 
 

Control Interface Module 
 
The Control Module comprises the following :- 
 

Mass Flow Controlled Air Supply 
Analyser Gas & Electrical Connections 
Gas Switching, for use with absolute analysers 

 Optional Integral Analyser 
 
The Control Module and (optional) Integral Analyser are protected inside water resistant 
enclosures.  They are designed for outside use, with waterproof connectors. 
 

Integral Analyser (Optional) 
 
Stand-alone operation is possible with the analyser integrated into the system.  It measures 
CO2 and H2O. The analyser has an inbuilt display and keypad. The on-board data logger 
gives secure data storage and retrieval. 
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Technical Specification of the Chambers 
 
Contruction Material Diameter 

 
(mm) 

Height 
 

(mm) 

Ground 
Area 
(cm2) 

Rigid TPX 
 

150 170 177 

Flexible Polythene 
with Stainless Steel Frame 

250 Adjustable 490 

Flexible Polythene 
with Stainless Steel Frame 

500 Adjustable 1963 

PET Cloche 300 300 707 
PET Cylinder 300 Adjustable 707 
PET Cylinder 500 Adjustable 1963 
Base and ground rings Aluminium and stainless steel 
 
Power Supply 12V DC at up to 1.5 amps. 
Current Consumption  
           EGM-4 400 ma running, greater during warm up 
           CIM   80 ma ( less at lower flows) 
           CPY Fans 200 ma per fan 
 
PP Systems is continuously updating its products and reserves the right to amend its 
specifications without notice. 
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PET/Cloche Chamber Assembly 
 

Fitting the Chimney into the Top of the Chamber 
 
The chamber chimney forms the system exhaust and fits into the circular sleeve mounted at 
the top of the chamber.  The sleeve has a perimeter ring of foam to retain the chimney. 
 
With the PET cylinder chambers, first locate the chamber top.  This is the aluminium ring fitted 
with the PET window.  The sleeve is located close to edge so that the chimney does not 
shade the plants inside. 
 
The chimney consists of two parts, an inner cylinder and a protective cap.  Depending on 
packing requirements these may be supplied separately or already assembled. 
 
If separate, first push the plain end of the castellated inner cylinder carefully into the chamber 
sleeve, to a depth of approximately 20mm.  It may help to lubricate the chimney foam ring 
with silicone grease first.  The outer cap is then mounted over the inner cylinder. 
 
If the chimney is to be regularly dismantled then the outer cap may be taped in place. 
 
For permanent installation we recommend the following: - 
Put a bead of silicone inside each of the 5 depressions in the outer cap. Then place the cover 
on to castellated end of the inner cylinder, so that the tips fit into the 5 depressions in the 
cover.  A dry run first will show you the stable position for the cover.  Leave to dry for 6-8 
hours. 
 
Once the chimney is assembled, simply push the inner cylinder through the chamber sleeve, 
as shown in the following picture 
 
 
 
 

 
 
1. Fitting Exhaust Chimney 
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For the Cloche Chamber Only 
 
The cloche chambers are supplied fully assembled with fans and sensors in position. 
 
CHAMBER BASE SEAL 
 
There is a strip of sealing rubber between the chamber rim and the stainless steel ground 
ring.  To renew, first remove the old strip and clean the rim with alcohol. The seal must form a 
circle, located up to the INNER edge of the rim, so that the holes through the rim are outside 
of the seal. These 4 holes are to take the fixing pegs provided. 
 
The chamber base then seals onto the stainless steel base ring using the fold-back paper 
clips supplied. 
 
An O-Ring attaches the PAR sensor to the support rod so its position is easily adjusted. 



PET/Cloche Chamber Assembly 
 

CPY-3 Canopy Chamber Operator's Manual – Version 3.30 
- 11 - 

 

For the PET 30cm Cylinder Chambers Only 
 
SEE PHOTOGRAPHS 2 to 8 
 
For ease of shipping, the chamber is completely dismantled. To reassemble please refer to 
the following instructions, in conjunction with the photographs that illustrate the process. 
 
Although it is possible for one person to assemble the chamber, it is much easier with two. 
 
First identify all the Chamber Structure parts supplied. 
 
The chamber is supplied with 3 sets of 3 x 6mm threaded rods of different lengths.  These are 
used alone or together (using the supplied connecting sockets) to give a range of chamber 
heights.  Select the rods to give the chamber height required. 
THE PET SHEET HEIGHT WILL BE 3cm LESS THAN THE SUM OF THE ROD LENGTHS. 
 
Place the chamber base ring on a flat surface with the grooved ring uppermost. 
 
Assemble the 3 supporting rods. Screw a 6mm nut about 1 cm up each rod then screw this 
end into the base ring  

 
BE CAREFUL AS THE RING IS ALUMINIUM AND THE RODS ARE STAINLESS STEEL 

DO NOT CROSS-THREAD.  DO NOT FORCE. 
 
When screwed in, then turn down the nut to lock the rod in place.  Gently tighten. (PHOTO 2) 
 
Now attach the fan(s) to the upright.  The fans are electrically daisy chained together.  The 
first fan is permanently connected and is fitted with the air temperature sensor.  Use at least 1 
fan for up to 30 cm, 2 up to 60 cm and 3 above.  Attach the PAR sensor holder and PAR 
sensor to an upright in a position where it will not be shaded.  Attach the analysis sample pipe 
close to the top of one of the uprights.  At least 50mm of pipe should project from the clip so 
that the pipe bends over and the end points downwards to stop condensation falling into it. 
(PHOTO 3 & 4) 
 
The PET chamber wall is made from two sheets of 0.5mm thick PET, the width of each being 
equal to half the chamber circumference (94cm / 2), and the height 3cm less than the 
supporting rod height.  The sheets are butted and fixed together to make a cylinder, using a 
transparent UV resistant waterproof tape designed for repair of transparent plastic roofs. The 
seams are taped on both sides. The tape allows the cylinder to be collapsed for transport as a 
flat sheet.  Unpack the chamber wall and return to a cylindrical form standing on its edge. 
 
Now the ASSEMBLY ASSISTERS should be wrapped round each end of the cylinder and the 
VELCRO fastenings made so that one end of the ASSISTER overlaps the other and the free 
end corresponds to the marked line. (PHOTO 5) 
The ASSISTERS should be gently pushed to be about 5cms from each edge of the cylinder.  
The lower edge should now be inserted in the groove in the chamber base.  The top ring 
should now be slid down the rods, the spacers and wing nuts put in place and the top of the 
cylinder also located in the top groove.  The wing nuts can then be tightened and the 
assisters removed and carefully saved for future use. (PHOTO 6 & 7) 
 
PHOTO 8 shows a completed chamber standing on a ground ring and connected to the CIM. 
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1. Fitting Exhaust Chimney   2 Showing Lock nut on upright. 
 

 
 
3. Fans fitted to uprights    4. Close up of PAR 
 

 
 
5 Positioning Assembly Assister   6 Base in place and positioning the top 
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7 Spacer on top used to hold the top of a guy rope when required 
 
 
 

 
 

8 Complete system standing on a ground ring with CIM connected 
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For the PET 50cm Cylinder Chambers Only 
SEE PHOTOGRAPHS 9 to 22 
 
For ease of shipping, the chamber is completely dismantled. To reassemble please refer to 
the following instructions, in conjunction with the photographs that illustrate the process. 
 
Although it is possible for one person to assemble the chamber, it is much easier with two. 
 
STEP 1: Assembly Of Chamber Structure 
 
First identify all the Chamber Structure parts supplied. 
 
The chamber is supplied with 8 sets of 3 x 6mm threaded rods of different lengths.  These are 
used alone or together (using the supplied connecting sockets) to give a range of chamber 
heights (50cm minimum).  Select the rods to give the chamber height required. 
THE PET SHEET HEIGHT WILL BE 2cm LESS THAN THE SUM OF THE ROD LENGTHS. 
 
There are 4 plain metal rods of 45cm length.  These are used to hold the fans and the PAR 
sensor.  Attach the fans to the rods as in the photographs noting that there is a plastic clip at 
the end of one rod that will hold the PAR sensor support. 
 
Locate the long brass rod and attach this to the plastic clip but do not tighten at this stage. 
 
Place the chamber base ring on a flat surface with the rubber-covered flange uppermost. 
 
Attach the air hose entry plate to the outside of the base ring using 4 cross-head screws.  
Nuts are supplied with earlier units whist the latest have captive nuts on the base ring. 
(PHOTO 9/10) 
 
There are 8 threaded sockets in the base ring for the chamber supporting rods, and 4 plain 
sockets for the fan supports. 
 
Place the plain rods with the fans in the base ring.  The brackets that support the fans should 
be to the outside of the chamber.  The fan attached to the PAR support should be placed at 
the side of the ring where the cable enters. (PHOTO 11/12) 
 
Only assemble one complete supporting rod.  The support should be assembled with the 
largest rod at the bottom and the smallest at the top.  A nut should be screwed down about 
5cm from the top of the support.  Now screw the base of the assembled support into one of 
the sockets close to the PAR rod.  Adjust the length of the PAR rod to be about 5cm below 
the top of the support.  Attach the PAR sensor to the top of the rod with the O-ring.  Connect 
up the PAR SENSOR to the corresponding connection on the fan assembly and then connect 
the 6-pin connector from the fan assembly to the lead that passes through the base ring. 
 
Remove the single threaded rod. 
 
The analysis pipe extension tubing is used on the inside of the chamber to move the analysis 
sampling point from the base ring to a more suitable position.  Use the cable clips to neatly 
run the pipe inside the chamber close to where the fan is blowing. 
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STEP 2:Fitting The Pet Cover 
 
 
The PET chamber wall is made from two sheets of 0.5mm thick PET, the width of each being 
equal to half the chamber circumference (157cm / 2), and the height 2cm less than the 
supporting rod height.  The sheets are butted and fixed together to make a cylinder, using a 
transparent UV resistant waterproof tape designed for repair of transparent plastic roofs. The 
seams are taped on both sides. The tape allows the cylinder to be collapsed for transport as a 
flat sheet.  Unpack the chamber wall and return to a cylindrical form standing on its edge. 
 
When ready for assembly, locate the hole in the cover where the air pipe enters.  With the 
cover in a cylindrical shape, insert it into the base ring with the air entry correctly located.  By 
lifting up the edge of the base ring, push the cover over the air entry pipe.  Working around 
the base, locate the cover evenly around the perimeter of the ring, standing on the sealing 
gasket. (PHOTO 13/14) 
 
Now lift the top ring into position. The vent hole should be on the opposite side to the PAR 
sensor and the holes in the top ring for the support rods should correspond with the holes in 
the base ring.  Start at one side with the top ring at an angle and slowly lower it working the 
PET cylinder into place. (PHOTO 15/16) 
 
All the support rods should be partially assembled, leaving off the uppermost (shortest) rod.  
They should be finger tight only.  Screw one rod into a socket in the base ring.  Now push the 
end of the top short rod, with the nut screwed on about 5cm, through the corresponding hole 
in the top ring.  Lower the bottom end of the rod onto the connector on top of the support rod 
and screw in.  Screw down a wing nut onto the top of the rod until finger tight.  Repeat for the 
other rods.  Now screw up the nuts, again finger tight, to lock the rods in place. 
(PHOTO 17/18) 
 
PHOTO 19 to 22 show a completed chamber standing on a ground ring and connected to the 
CIM. 
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9/10  Attachment of the Air Hose Entry Plate to the Base-Ring 
(Earlier units require Nuts and Screws whilst in later units Captive Nuts are attached to the 
Base Ring) 
 
 
 
 
 
 
 
 
 

 
 
 
11/12  Assembly of fans to the Base Ring 
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13/14  Putting PET cylinder over base ring and fitting over air entry 
 
 
15/16  Putting upper ring in place 
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17  Bottom of supports fitted   18  Top of support rod pushed up through 
      top ring and then screwed down into 

the connector 
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19  Completed Chamber   20 Inserting the Exhaust Chimney 
 
 

 
21 CIM connections    22 Completed System 
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Polythene Chamber Assembly 
 
The polythene versions of the chamber are shipped as a kit of component parts which have to 
be assembled by the user. 
 
First identify all the Chamber Structure supplied, as listed on the Packing Note. 
 
ASSEMBLE THE FRAMEWORK 
 
Place the chamber base ring on a flat surface with the rod sockets uppermost. 
 
There are 2 sets of 8 rods of differing heights.  These are used alone or together (using the 
connecting sockets) to give 3 possible chamber heights. Select the height required. 
 
Fit the Stirring Fan Assembly to a pair of the rods.  Mount the PAR sensor above the fan, 
attached to one of the rods.  Fit this assembly onto the Base Ring and adjacent to the 
electrical connections, using the 2 base ring sockets closest to the large air supply pipe. The 
grill with the temperature sensor attached should face outwards. 
  
Insert the remaining rods into the base ring sockets and then locate the upper ring in place. 
 
Connect the 6 pin connector from the Stirring Fan Assembly to the lead that passes through 
the base ring. 
 
The analysis pipe extension tubing is used on the inside of the chamber to move the analysis 
sampling point from the base ring to a more suitable position.  Use the cable twist locks to 
neatly run the pipe (and cable) inside the chamber. 
 
Attach the exhaust pipe to the base ring. If the chamber is to be used on an impervious 
surface then the rubber plug in the exhaust should be removed. 
 
ASSEMBLE THE POLYTHENE COVER 
 
The polythene cover is made from lay flat tubing and sample is supplied with the system. 
 
To make a cover, first unroll about 2m of the lay flat tubing and place the base ring on the 
polythene at the cut end.  Carefully mark the outer diameter of the ring onto the polythene and 
cut out the circle.  You will now have two chamber lids. Carefully fold one up and save for 
future use. 
 
Measure from the top of the chamber down to the bottom of the rubber foam covered area on 
the base ring.  Add 100mm to this and then cut off a piece of lay flat tubing to this length.  
Open out the lay flat and place over the chamber so that it forms a wall around the chamber. 
You should leave about 25mm projecting below rubber filled groove in the base ring.  Seal the 
bottom of the polythene onto the rubber by stretching over the plastic coated spring wire.  
Hook the ends of the wire together. 
 
Now bend the top of the polythene over the top rim of the chamber and place the polythene 
lid on top. 
Use small bits of transparent adhesive tape to hold the lid in place and then seal completely 
around the edge with the tape.  Once this is done, carefully remove the cover and trim the 
surplus from the inside.  Replace the cover ready for use. 
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Securing Chambers in Windy Conditions. 
 
The cloche chamber is secured down by long metal pegs pushed through holes in the base 
ring. 
 
All the other chambers are supplied with guy ropes that attach to the top ring and pegs to hold 
the guy rope at the ground end. 

CPY3 System Pneumatic and Electrical Connections 
Refer to Appendix 1: Gas & Electrical Connections for connection details. 
 
CIM to Chamber Connections 
 
Air Supply 
 
Connection between the CIM Air Supply and the Chamber is made using the large flexible 
hose. 
 
Chambers prior to Serial Number 45 use a rubber connection on both the chamber and on the 
air supply.  One end of the hose is pushed onto the large air supply pipe (36mm) on the 
chamber base, and the other onto the large outlet pipe at the base of the supply chimney.  A 
smear of silicone grease on all the pipes helps and the rubber ends of the hose can be dipped 
in hot water first to make them more flexible, but make sure that they are dry before making 
the connections. 
 
From 45 onwards the connection to the chamber is as described above but the connection to 
the air supply is by proprietary connector.  This is pushed in place and then latches.  For 
removal instructions refer to Appendix 1: Gas & Electrical Connections. 
 
Gas Sampling 
 
The analysis sample represents the chamber air.  It is drawn from a point on the chamber 
base ring situated at 90 degrees to the air supply pipe.  It connects to the analysis port on the 
CIM. All the pipes and connectors are colour coded red. 
 
The reference sample represents the air entering the chamber.  It is drawn from the base of 
the air supply chimney and connects to an inlet pipe on the CIM.  All the pipes and connectors 
are colour coded green. 
 
If a separate analyser is being used then this MUST connect to the CIM and NOT directly to 
the chamber, as the samples must pass through the water drop-out traps on the CIM. 
 
Electrical 
 
The chamber electrical cable connects to the CHAMBER interface on the CIM. 
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CIM to External Analyser Connections 
These gas and electrical connections to the analyser only apply where the system is used 
with a stand-alone analyser (the integral analyser is permanently connected inside the CIM). 
 
The connections are on one side of the CIM and are labelled ANALYSER INTERFACE. 
 
CIM to Analyser Gas Connections 
 
If the CIM is supplied for use with CIRAS (or other differential analysers) then it has two gas 
connectors marked A (analysis) and R (reference).  These sampling points are connected 
directly to the analyser. 
 
The system is supplied with gas pipes appropriately labelled R and A, and fitted with the 
necessary Ciras gas connectors. 
 
- The Analysis tubing connects to CIRAS Analysis Inlet 
 
- The Reference tubing connects to CIRAS Reference Inlet 
 

However, the actual reference connection is different according to the CIRAS used :- 
 

CIRAS-1 without integral air supply (analyser only) 
 

Use the metal connector that fits over the REFerence connector. 
 

CIRAS-1 with integral air supply (photosynthesis system) 
 

The integral air supply is not used with the CPY, but cannot be turned off. The reference 
tubing is reduced by a short section of small bore tubing, and this is fitted onto the small 
centre pipe of the REFerence connector.  The end of the tubing must be cut at an angle 
to prevent it blocking the outer part of the connector, which is the CIRAS air supply outlet. 

 
CIRAS-2 (all types)  Connect directly to the REF inlet 

 
If the CIM is supplied for use with an EGM (or other absolute analyser) then there is only one 
gas connector marked gas outlet.  Connect to the sample inlet on the analyser using the pipe 
provided, with the in-line hydrophobic filter near the analyser air inlet 
 
CIM to Analyser Electrical Connections 
 
All electrical connections must be made before switching on the analyser. 
 
Connection to EGM or CIRAS Analysers 
 
The standard interface cable supplied is used to connect between the ANALYSER interface 
on the CIM and either an EGM (I/O socket) or a CIRAS-1/2 (PLC socket). The cable length is 
2m, unless otherwise specified. 
 
In the EGM plug, a 4K3 resistor links pins 1 and 6 on the plug, which is then used by the EGM 
to identify that it is connected to a Canopy type chamber (Probe Type 11). 
A wire links pins 4 and 8, which suppresses the EGM Alarm Buzzer. 
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Connection to 3rd Party Analysers 
 
When the CIM is supplied for use with other analysers, the cable is still terminated as for an 
EGM, with a 15-pin plug.  A corresponding 15-pin socket and multi-core cable is then also 
supplied. 
 
The EGM plug must not be removed because it contains a circuit which generates the 12V 
reference needed for the air temperature sensor.  The reference voltage is wired to pin 2 of 
the CIM connector. The board is powered from the connections to pins 8 and 12 on the EGM 
plug.  When using an external power source, if a temperature output is required then it is 
necessary to still have a 12V supply to the plug. 
 
When making connections to the 15-pin plug only the following should be used: - 
 
Pin  
2 Flow Signal 
3 Reference Indicator. (0=Analysis, Approx. 1v=Reference) 
5 Temperature (refer to the Appendix) 
7 Channel Select (0V Selects Analysis, 5-12V Reference.) 
8 Return 
12 +12v DC 
15 Analog Ground 
 
 
Signal Input/Outputs 
 
If used with a 3rd party analyser it is necessary to know the following :- 
 
- Channel Select (CIM for absolute analyser only) 
A 5-12V input signal to the CIM on this line will switch the gas sampling to REFERENCE 
whilst 0V sets it to ANALYSIS.  Units set to internal timing will ignore this. 
 
- Reference Indicator (CIM for absolute analyser only) 
This output signal operates at all times.  It alternates between high (1V) and low (0V ) at 30 
second intervals.  It is only relevant when the unit has been specified for internal switching 
when high indicates the REFERENCE is being sampled. 
 
- Flow / Output Voltage 
This depends on the flow range of the CIM and the necessary information will be supplied 
with the units intended for connection to 3rd Party Analysers. 
 
- Temperature 
There is a non-linear relationship between temperature and voltage. An approximation within 
one degree between 0 and 50 OC is: - 
 
  T OC = V x 77.8572 – 16.63945 
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12V DC Power Supply 
 
12V DC powers the CIM and CPY-3, supplied by a suitable external 12V battery or DC power 
supply. The current drawn is up to one and half amps depending on the configuration (see 
Technical Specification).  For 8 hours running a 15 amp-hour battery should be adequate. 
The clips on the power lead must be attached to the correct terminals, with the RED TO 
POSITIVE (+) and the BLACK TO NEGATIVE (-). 
 
When used with the EGM and CIRAS it can be powered from the analyser for short term use. 
This is through pins G (+12V) and A (0V RETURN) of the analyser electrical interface. 
 
If using CIRAS, an alternative is to use an external battery to power CIRAS, the CIM and the 
CPY-3. A 20 amp-hour battery is adequate for an 8-hour period of use, and there is no need 
to change the CIRAS internal battery during that time.  CIRAS is connected to the external 
battery through its external power supply connection (the CIRAS internal battery must be left 
in place). Connect up the CIM and CPY to the battery in parallel to the CIRAS connection. 
 
Otherwise there is an interface for an external 12V DC supply on the CIM.  When an external 
12V supply is connected to this (e.g. from a battery) then the power is automatically switched 
to the external supply.  The external power allows for long periods of continuous use, or 
multiple chamber measurements using only one analyser. 
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Operation 
 

Condensation Warning 
 
It is very important to keep a check sure that water is not condensing and entering the 
analyser through the sample gas pipes, because liquid water will seriously damage the 
analyser resulting in an expensive repair. 
Current CIRAS analysers are fitted with hydrophobic filters, which greatly decrease the risk of 
damage.  It is recommended that earlier units should have these fitted.  
An external hydrophobic filter is now supplied for use with the EGM. 
CIM with the integral analyser are fitted with water drop out traps, which must be regularly 
checked. 
 
There is a greater risk of condensation in the following situations: 
 
- If any gas pipes are lying on wet soil or plant canopy. 
 
- If the chamber is cooler than its surroundings when measurements are being made, and 

particularly if the soil or canopy is wet. 
 
- If the chamber is used to enclose a large total area of leaf. 
 
If conditions inside the chamber are wet or condensation occurs, then the transpiration 
measurement will be incorrect, though the CO2 exchanges are valid. 
 
If condensation appears to be a problem then try increasing the flow rate. 
 
If condensation persists then it is recommended that a PP Systems Water Vapour Equilibrator 
be placed in the analysis line close to the analyser.  The water vapour equilibrator is 
constructed from a material that is very permeable to water vapour but impervious to CO2.  If 
this is put in-line in the analysis sample pipe then the water vapour concentration of the 
analysis air will be brought close to ambient. 
NB.  The Equilibrator must be shielded from rain or it will wet the sample. 
 
The analyser may also be protected by putting a suitable water drop out trap in the same 
position. 
 
Any method used to remove excess water from the analysis sample will render the 
transpiration measurement incorrect. 
 

Choice of Site 
 
For measurements, choose a level area, preferably without projecting stones that will prevent 
a seal around the chamber rim.  Place the chamber on the ground and push firmly down, 
checking that there are no obvious gaps around the perimeter that would cause leaks. 
 
On completion of the measurement lift up the chamber and wipe round the perimeter to 
remove any soil and proceed to the next measurement site. 
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Flow Adjustment 
 
The air supply fan pushes ambient air through the chamber, and the flow rate is measured 
and controlled by the mass flow meter in the CIM chimney.  Rotating the flow control knob on 
the CIM adjusts the air flow rate to the chamber. 
 
If possible, it should be adjusted to give 20-30 ppm CO2 differentials. 
 
With CIRAS analysers, CO2 differentials greater than 999 ppm are not measured, so for large 
flux rates it may be necessary to increase the flow. 
 
With the EGM, if the flow falls below 300ml/minute or exceeds 1500 ml/minute then the 
displayed flows are 000 and 9999 respectively and flux is not calculated. 
 

Analyser Operation 
 
Refer to the appropriate analyser manual for general operation details. 
 
PP Systems’ analysers must never be used in the horizontal position, as there is the 
possibility of air tracking over the top of the zero column(s) rather than passing through the 
absorber.  This will give rise to an incorrect zero and an apparent loss in the analyser 
sensitivity. 
 
Always wait until the readings are steady before taking a record in the usual manner. 
 
Do not calibrate the EGM or CIRAS analysers with the CPY-3 & CIM connected. 
 

Open System Analysis 
 
When used with absolute analysers, the CIM alternately samples either the air entering 
(REFerence) or leaving (ANalysis) the chamber using a solenoid valve. The valve is switched 
to REF at time 0, and then switched again every 30 seconds. Therefore one complete cycle 
takes 1 minute. The data is measured throughout every 1.6 seconds. 
 
With the Integral and EGM-4 analysers, a running average of REF and AN taken. This is 
handled differently, according to the type of recording selected. 
 
If manual recording is selected then at the start of each 30 second period the average for that 
sample is reset. 
 
If automatic recording is selected then the averaging of REF and AN readings continue until it 
is time to take a record. Only then are the averages reset. 
 
Automatic records are always taken at the end of the AN measurement. The valve is then 
switched back to REF and the REF averaging starts again, leaving the AN averaging 
continuing.  At the next change to AN (after 30 seconds), the AN averaging is then also reset. 
The averaging period is therefore determined by the recording interval. 
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Settling Time 
 
The time the system will take to come to equilibrium after it is set up will depend on the 
chamber volume and the flow rate. 
 
When the chamber is placed on the soil, causing a change in the carbon dioxide 
concentration, or if the rate of airflow into the system is changed then there will be an 
asymptotic approach to the new equilibrium value (assuming perfect mixing).  The time taken 
can be described by the response time of the system.  This is defined as the volume of the 
system in millilitres divided by the flow rate in millilitre per second.  It therefore has the value 
of seconds.  In one response time the system will have got to 68% of equilibrium, in two to 
86% and in 3 to 95%. 
 
Any records that are taken before the system is close to equilibrium should be ignored. 
 
As an illustration, the CFX chamber has a diameter of 21cm and a working depth of 
approximately 11 cm. This gives a volume of 3810 cm3. 
The graph below shows the relationship between time and flow for the CFX, assuming a 
uniformly mixed chamber volume.  This is based on 3 response times =95%. 
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Taking Measurements with the Integral Analyser & EGM 
 
EGM-4  EGM firmware must be V1.0 or greater. 
EGM-3  EGM firmware must be V3.5 or greater. 
 
Initial Setup 
 
The integral analyser is dedicated to the CPY-3 and therefore assumes that a CPY-3 is 
connected.  The EGM must be set for Probe measurements through 2:SET etc. 
It will then recognise that it is connected to a Canopy type chamber (ProbeType=11). 
 
The type of air supply used must be selected, through 1: REC from the Main Menu. 
 
   CPY 1:20l  2:100l 
           3: CFX 
 
Select the chamber and air supply connected (20 or 100(80) litres/min maximum flow rate). 
 
From Serial number 25 for the 20l / minute unit you MUST select 100l and then enter:- 
 

Flow Zero= 16237  And Flowx =035.69. 
 
The analyser will now automatically use the measured flow when calculating the flux. 
 
The next menu relates to the area of ground enclosed by the chamber (refer to Technical 
Specification).  It is necessary to enter or to check that the area covered by the chamber is 
correct (note the entry is in cm2 up to 9999, approximately = 1 m2).  If the true area is smaller 
than the chamber area then enter 9999 for the calculated flux to be the chamber flux. 
 
The system will then go into Zero mode, after which the display will show: - 
 
 REC nnnn PLOT nn etc 
 
N press allows PLOT entry. 
 
REC is set to one when the plot number changes. It represents the number of records made 
on that plot. 
 
E(X)change shows the first measurement display :- 
 
 Rnnnnn Dnnnn Tnn 
 A+/-nn.nn F nnnnn 
 
where :- 
 
R = Reference CO2  /  D = Differential CO2  /  T = Chamber Temperature 
A = Assimilation (µmol.m-2.s-1 )  /  F = Flow in ml/minute 
 
E(X)change now shows the standard CO2 display, except the atmospheric pressure Annnn is 
replaced by the PAR reading Qnnnn. 
 
If the analyser is fitted with a humidity sensor then H2O fluxes are calculated and recorded but 
are not shown on the displays. 
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Results 
 
Results are transferred from the analyser to the PC in the format described. 
 
Integral Analyser & EGM-4 
 
A record consists of 60 digits preceeded by M (real-time measurement) or R (record from 
memory) and terminated by a carriage return. 
 
M or R xx    xxxx    xxxx  xxxx  xxxxx  xxx    xxxx   xxxx xxxx xxxx xxxx xxxx xxxx xx xx  xxxx  xx <CR> 
          plot  record  date  time   CO2   MBR  MBA    A      B      C     D      E      F   G  H   atmp  PT 
 
Plot                      User entered identifier 0-99 
 
Record                 1-9999 
 
Date and Time     DD/MM HH:MM 
 
CO2 = CO2 REFERENCE CONCENTRATION PPM=micromol/mol 
 
MBR= mb REFERENCE      ** 
 
MBA = mb ANALYSIS       ** 
 
OUTPUT A PAR (micromol.m-2.s-1  x 1000) 
 
OUTPUT B EVAPORATION RATE (mmol.m-2.s-1 x 1000)  ** 
 
OUTPUT C CUVETTE TEMPERATURE(o C x 100) 
 
OUTPUT D CO2 ANALYSIS CONCENTRATION (ppm) 
 
OUTPUT E FLOW (ml or ml/10 per minute - see OUTPUT G) 
 
OUTPUT F ASSIMILATION RATE (mol.m-2.s-1  x 100) (see OUTPUT H) 
 
OUTPUT G MULTIPLIER ON FLOW TO GIVE TRUE FLOW RATE (1 OR 10) 
 
OUTPUT H 0=RESPIRATION  /  1=CO2 UPTAKE 
 
Atmp  Atmospheric pressure in millibar 
 
PT  Probetype, which for the CPY=11 
 
**  Zero if there is no humidity sensor fitted to the analyser 
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EGM-1/2/3 
 
A record consists of 2 lines of data :- 
 
1, DATE, TIME, REFERENCE, ANALYSIS 
2, 11, %RH, TEMPERATURE, SOIL RESPIRATION, FLOW. 
 
1 and 2 at the start of the lines are the line type identifiers. 
 
REFERENCE and ANALYSIS are the respective CO2 concentrations in ppm. 
 
11 is the probetype. 
 
TEMPERATURE is in OC (xx.x).  Due to the linearisation, it has an accuracy of 1 OC. 
 
CO2 UPTAKE is in g CO2 evolved per m2 per hour (xx.xx) 
 
FLOW is in ml/minute. 
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Taking Measurements with CIRAS-1 
 
CIRAS-1 firmware must be V4.8 or greater. 
 
Initial Setup 
 
CIRAS-1 will not automatically detect that a Canopy type chamber is connected.  
The user has to manually set the appropriate cuvette type from the cuvette selection menu. 
 
Select Canopy (2CPY) followed by air supply type connected (5, 20 litres/min maximum flow 
rate or Large). 
 
 With larger flow rates 2 other parameters must be entered (FLOWZERO and FLOWX). If the 
flow is 100 L/min then they must be set to 00000 and 000.00 respectively. Otherwise they will 
be specified with the chamber supplied. 
 
From Serial number 25 for the 20l / minute unit you MUST select Large 
And then enter:- 

Flow Zero= 16237  And Flowx =035.69. 
 
CIRAS-1 will now automatically use the measured flow when calculating the flux. 
 
The next menu sets the record options. 
 
At the next menu enter the enclosed ground area or leaf area of the plant being sampled. 
The area of ground enclosed by the chamber will be defaulted by CIRAS-1 to 350 cm2. It is 
necessary to check that this is correct for the chamber connected (refer to Technical 
Specification). The maximum area that can be entered into CIRAS-1 is 999.9 cm2 
(approximately = 0.1 m2). If the area is greater than this then the user should enter the area 
divided by 10 and the subsequently scale down the calculated flux by the same factor. 
 
The basic measurement display is as standard, but the following change has been made : 
 
FLOW is displayed and recorded as GS.  CI is the multiplier on GS to give the flow in ml/min. 
 

e.g. GS=1432 and CI=1   then flow is 1432   ml/min. 
  GS=1432 and CI=10 then flow is 14320 ml/min 
 
AREA is recorded in the usual flow position (up to 999.9 cm2). 
 
CANOPY FLUX rates are in standard units of µmol m-2 s-1 for CO2 and in mmol m-2 s-1 for H2O. 
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Taking Measurements with CIRAS-2 
 
CIRAS-2 firmware must be V1.64 or greater and Windows software must be version 1.01 or 
greater. 
 
Initial Setup 
 
CIRAS-2 will not automatically detect that a Canopy type chamber is connected. 
The user has to manually set the appropriate cuvette type from the cuvette selection menu. 
 
Start up the CIRAS-2 program as usual and from the main display select SETTINGS then 
from the SETTINGS EDITOR select the PARAMETERS button. 
This will now show the PARAMETERS EDITOR. 
 
Under PROBETYPE on the drop down menu select OPEN SYSTEM CHAMBER, then select 
the chamber and air supply type from the CHAMBER/CUVETTE TYPE box. FLOWZERO and 
FLOWX are defaulted to their correct values for the air supply type selected. 
 
If system setup is now selected then the enclosed area up to a maximum of 999.9 cm2 
(approximately = 0.1 m2) must be entered.  If the area is greater than 999.9 cm2 then the user 
should enter the area divided by 10 and the subsequently scale down the calculated flux by 
the same factor. 
 
Press OK. You should then select to save the changes. 
 
CIRAS-2 will now automatically use the measured flow when calculating the flux. 
 
The results displayed are self explanatory. 
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Calculations 
 
The parameters required to calculate flux are : 
 

Concentration of the air going into the chamber 
Concentration of the chamber air 
Flow rate through the chamber 
Area of ground enclosed (or leaf area if it can be measured) 

 
The first 3 parameters are measured by the system, the 4th is entered by the user. 
 
Results are given in µmol m-2 s-1 for CO2 and in mmol m-2 s-1 for H2O. 
 
Calculation of airflow through the system is in mol per second. 
 
Volume flow (V) is measured by a mass flow meter calibrated in ml/minute at 0ºC and 
1013mb (STP). Converting to flow in litres per second 

   = 
1000*60
V

 l.s-1. 

 
But at STP, one mol of gas occupies 22.414 litres. 
Therefore chamber air flow  

   = 
1000*60*414.22

V
 mol.s-1     (1) 

 
Calculation of CO2 fluxes. 
 
The difference between the CO2 concentration entering and leaving the chamber (∆C) is 
expressed as ppm = µmol.mol-1.  So multiplying by (1) gives the flux in µmol.s-1. 
 
To give the final result in µmol.m-2.s-1 divide by the area (A cm2converted to m-2) exposed in 
the system 
 

Then CO2 flux in µmol.m-2.s-1 = 
1000*60*414.22*

10000**
A

VC∆
 

 

    = 310*43583.7** −∆
A
VC  

 
To convert to g.m-2.h-1 multiply by 44.01 x 3600 x 10-6 (= 0.15844) 
 
Calculation of H2O fluxes. 
 
The difference between the H2O concentration entering and leaving the chamber (∆H) is 
expressed as mb = mmol.mol-1.  So multiplying by (1) gives the flux in mmol.s-1. 
 
To give the final result in mmol.m-2.s-1 divide by the area (A cm2converted to m-2) exposed in 
the system.  Therefore, as for CO2 , the H2O flux in mmol.m-2.s-1 is :- 
 
  ∆H x (V / A ) x 7.43583 x 10 -3 mmol.m-2.s-1  
 
To convert to g.m-2.h-1 multiply by 18019.4 x 3600 x 10-6  (= 64.87) 
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Water Vapour, Temperature and Pressure Corrections 
 
Water vapour, temperature and pressure all affect the measurement of CO2. 
 
EGM-1/2/3 
The results are not corrected for temperature, pressure, IRGA effects of water vapour, or for 
effects of evaporation in the chamber. Refer to EGM Measurement Corrections. 
 
EGM-4 & Integral Analyser 
The results are corrected for pressure. If the optional humidity /temperature sensor is fitted, 
then the results are also corrected for IRGA effects of water vapour, and for effects of 
evaporation in the chamber. Refer to EGM Measurement Corrections. 
 
CIRAS-1/2 
Readings are pressure compensated and the analyser is thermostatted.  Therefore a 
standard gas should read the correct ppm value independent of atmospheric pressure and 
temperature changes.  
The CO2 concentration change is corrected for both the cross sensitivity of the CO2 IRGA to 
water vapour and also for the dilution effects of any increase in the water vapour 
concentration.  Refer to the Operator’s Manual. 
 
 
EGM Measurement Corrections 
 
Water Vapour 
If we start with a dry sample of air of known CO2 concentration and add to it water vapour, 
then the CO2 becomes diluted because the volume of the water vapour added increases the 
air volume. 
 
From the point of view of the infrared measurement, by careful choice of the interference 
filters covering the detector, there is only a very small effect of direct absorption by the water 
vapour.  This is typically equivalent to less than 0.1ppm/mb measured with CO2 free air. 
 
However, the presence of the water molecules induces an increase in infrared absorption by 
the CO2 molecules (Foreign Gas Broadening) and therefore an increase in the apparent CO2 
concentration.  This is of a similar magnitude but opposite in effect to the dilution reported 
above.  The net effect is that the analyser will approximately report the DRY gas 
concentration. 
 
Air Temperature 
The major effect of temperature is usually on the selective interference filters on the sensor.  
With all current EGM units the detector/ filter combination is thermostatted at about 45 O C. 
No attempt is made to equilibrate the sample to that temperature so the major temperature 
effect should be on gas density and follow Gas Law (approximately -0.3% / O C increase). 
 
Atmospheric Pressure 
Increase in pressure causes increase in concentration according to Gas Law.  However, there 
is a greater increase in the infrared absorption than would be expected from increase in 
concentration.  This is due to “Pressure Broadening” of the CO2 absorption bands.  
 
An approximate correction is  C = CM / (0.75*AP + 0.25*AP*AP) 
 
Where C is concentration that would be measured at 1bar. 
CM is the concentration measured at the ambient air pressure AP bar. 
 
Where measurements are to be done at altitude then we would recommend re-calibration at 
that height. 
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Disconnecting 
 
Disconnect any external 12V power supply 
 
Switch off the integral analyser, if present. 
 
Switch off any stand-alone analyser, if present. 
 
Carefully remove the gas sample tubing and the electrical connection to the analyser. 
 
The electrical cable and the flexible air pipe connecting the chamber to the CIM can also be 
easily removed. 
 
If the polythene chamber has to be dismantled then it is the reverse process to assembly, 
removing the polythene cover and upper ring, then disconnecting the fan and removing all the 
uprights. 
 
With the EGM and CIRAS, when the analyser is switched on again it will revert to standard 
operating mode, as described in the Operator's Manual. 



Maintenance 
 

CPY-3 Canopy Chamber Operator's Manual – Version 3.30 
- 36 - 

 

Maintenance 
 
Wipe around the rim of the chamber after each measurement. 
 
On completion of the day’s measurements, leave the analyser running on ambient air for a 
period to ensure that there is no condensation in the unit. 
 
If a water drop out trap has been fitted ensure it is empty. 
 
O rings seal the CIM Air Supply Chimney onto the fan. They should be lightly lubricated 
occasionally with silicone grease. 
 
Please refer to EGM/CIRAS Operator's Manuals for more details regarding analyser 
maintenance. 
 

THE CPY & CIM CONTAIN NO USER SERVICEABLE COMPONENTS. 
IF YOU BELIEVE THERE IS A FAULT WITH THE EQUIPMENT THEN CONTACT 

PP SYSTEMS FOR ADVICE. 
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Sensor Calibrations 
 
Temperature Sensor 
 
The temperature sensor is a thermistor whose resistance is directly determined by the 
analyser and cannot be re-calibrated. 
 
PAR Sensor 
 
Ideally, calibration should be done in full sunlight, in an open (non-shaded) position. 
 
The polythene CPY-3 can be dismantled to gain access to the PAR sensor, which is part of 
the Stirring Fan Assembly.  Place this assembly on a bench or table, and reconnect to the 
Electronics Housing (A). 
 
Use laboratory stands and clamps to hold the CPY-3 and the calibration PAR sensor in a 
position where they will receive a similar light intensity, inside the chamber if necessary. 
 
Undo the 4 screws holding the lid onto the Electronics Housing (A).  Remove the lid and place 
to the side. 
 
Plug the electrical connector into the analyser and make the necessary external power 
connections. 
 
Switch on the analyser and go to the display that shows PAR. 
 
The position of the adjustment potentiometers P1 and P2 on the circuit board in the 
electronics box are as follows :- 
 
 
 
 
 
 
 
 
 
 
 
 
 
They must be adjusted using the proper potentiometer tool, which engages with the slot in the 
adjustment screws, to avoid damaging the circuit board. 
 
First cover the PAR sensor with a light proof cloth and adjust the zero potentiometer (P1) until 
the PAR reading displayed is zero (a reading flickering between zero and a small positive 
value will ensure that there is no negative offset.) 
 
Then remove the cloth and adjust the span potentiometer (P2) until the PAR reading 
displayed is correct to the calibration PAR sensor. 
 
Carefully re-fit the Electronics Housing cover. 

 
 

P1 ZERO

P2 SPAN

CN2 
CN4 

CN1 
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Appendix 1: Gas & Electrical Connections 
 
 
EGM Analyser Gas Connections 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ciras Analyser Gas Connections 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

CIRAS 
 

Analyser 

Air 
 

Supply
 

Unit 

 
Chamber 

Analyser I/F Cable 
to CIRAS PLC Socket 

Analysis Pipe 
to gas connectors colour coded red 

Air Supply Hose 

Electronic
Box

Reference Pipe 
to gas connectors colour coded green

 
EGM 

 
Analyser 

Air 
 

Supply
 

Unit 

 
Chamber 

Analyser I/F Cable 
to either EGM I/O Socket 

Gas Outlet Pipe 
to GAS IN on EGM

Analysis Pipe 
to gas connectors colour coded red 

Air Supply Hose 

Electronic
Box

Reference Pipe 
to gas connectors colour coded green
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 Hose Connection to the Air Supply from Serial Number 45 
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Analyser Electrical Interface Specification 
 
The interface on the CPY is the 12-way connector located on the side of the electronics box. 
 

                 
12 WAY 
BINDER 
SOCKET 

                      
SIGNAL NAME 

           
COLOUR 

12 WAY 
QUILLER 

PLUG 
(CIRAS 1) 

18 WAY 
LEMO 
PLUG 

(CIRAS 2) 

15 WAY 'D' 
TYPE PLUG 
(EGM4 AND 

OEM) 

15 WAY 'D' 
TYPE PLUG 
(EGM1,2&3) 

A RETURN BLACK J A1 8 8 

B TEMP. REFERENCE YELLOW M E3 # # 

C BAIR TEMP BROWN E B3 5 5 

D PAR WHITE C D3 2 - 

E BFLOW O/P ORANGE D C1 4 2 (par) 

F AGND GREEN K B1 15 15 

G +12V RED H F1 12 12 

H REF. INDICATOR BLUE N/U N/U 3 3 

J CHANNEL SELECT VIOLET N/U N/U 7(alarm) 7(alarm) 

 ALARM DISABLE    N/U LINK PIN 4 
TO PIN 8 

 CODE RESISTOR    WIRE 4K3 
RES FROM 

PIN 1 TO 
PIN 6 

WIRE 4K3 
RES FROM 

PIN 1 TO PIN 
6 

 

#    SIGNAL DERIVED FROM 1.2V REFERENCE DEVICE ( LT1004 CZ12  R.S. 429-243 ) 
WIRED BETWEEN PINS 12 (12V) AND 15 (AGND) VIA 10K RESISTOR 
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Appendix 2: Temperature Sensor mV output vs Temperature 
 

T oC 0.0 0.2 0.4 0.6 0.8 
 0  231 233 235 237 239 
 1  241 243 245 247 249 
 2  251 254 256 258 260 
 3  262 264 267 269 271 
 4  273 276 278 280 282 
 5  285 287 289 292 294 
 6  296 299 301 303 306 
 7  308 311 313 315 318 
 8  320 323 325 328 330 
 9  333 335 338 340 343 
 10  345 348 350 353 355 
 11  358 360 363 366 368 
 12  371 373 376 379 381 
 13  384 387 389 392 395 
 14  397 400 403 405 408 
 15  411 414 416 419 422 
 16  424 427 430 433 435 
 17  438 441 444 447 449 
 18  452 455 458 460 463 
 19  466 469 472 474 477 
 20  480 483 486 489 491 
 21  494 497 500 503 506 
 22  508 511 514 517 520 
 23  523 526 528 531 534 
 24  537 540 543 545 548 
 25  551 554 557 560 563 
 26  565 568 571 574 577 
 27  580 582 585 588 591 
 28  594 597 599 602 605 
 29  608 611 614 616 619 
 30  622 625 628 630 633 
 31  636 639 642 644 647 
 32  650 653 655 658 661 
 33  664 666 669 672 675 
 34  677 680 683 685 688 
 35  691 694 696 699 702 
 36  704 707 710 712 715 
 37  717 720 723 725 728 
 38  730 733 736 738 741 
 39  743 746 748 751 754 
 40  756 759 761 764 766 
 41  769 771 774 776 778 
 42  781 783 786 788 791 
 43  793 795 798 800 803 
 44  805 807 810 812 814 
 45  817 819 821 824 826 
 46  828 830 833 835 837 
 47  839 841 844 846 848 
 48  850 853 855 857 859 
 49  861 863 865 868 870 
 50  872 874 876 878 880 
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User Notes 


