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2. NOTICE 
 
This instrument must not be used in situations where its failure could result in injury or 
death. 
 
For applications where failure of this instrument to function correctly would lead to 
consequential damage, the instrument must be checked for correct operation and 
calibration at intervals appropriate to the criticality of the situation. 
 
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 liability for losses or damages resulting from the use of this 
information. 
 
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, 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. 
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3. SERVICE 
 
The CIRAS-1 Parkinson Leaf Cuvettes are 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).  For service, please contact us at: 
 
Europe      USA & Canada 
PP Systems, Ltd.     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:  (01462) 453411     Tel:  978-834-0505 
Fax:  (01462) 431090     Fax:  978-834-0545 
 

e-mail: support@ppsystems.com 
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4. TECHNICAL SPECIFICATION 
 
CUVETTE MATERIALS 
 Structural Components  Aluminium alloy 
 Cuvette Window   Glass IR interference filter or TPX 
 Leaf Seal    Closed cell foam gaskets 
 Impeller    Stainless steel (B/R) 
      Glass Filled Polyester (N/C/P) 
 
PLC WINDOW SIZE 
 PLC (BROAD)   18 mm Dia 
 PLC(RICE)    25 mm W x 7 mm D 
 PLC (NARROW)   88 mm W x 39 mm D 
 PLC (CONIFER)   88 mm W x 39 mm D 
 PLC (POD)    88 mm W x 39 mm D 
 
PLC LEAF AREA (TOTAL) 
 PLC (B)    2.5 cm2 
 PLC(R)    1.75 cm2 
 PLC (N/C/P)    Dependent on leaf type 
 
BOUNDARY LAYER RESISTANCE 
 PLC (B/R)    0.15 to 0.3 m-2 s-1 mol-1 
 PLC (N/C/P)    Dependent on leaf type 
 
IR TEMPERATURE SENSOR 
 Precision Thermistor 
  Software Linearisation +/- 0.10o C from 0o C to +60o C 
  Accuracy   +/- 0.3o C at 25o C 
 
LEAF TEMPERATURE SENSOR 
 Miniature Precision Thermistor 
  Software Linearisation +/- 0.10o C from 0o C to +60o C 
  Accuracy   +/- 0.3o C at 25o C 
 
PAR SENSOR 
 Filtered Silicon Cell (fully cosine corrected). 
  Response   400 - 700 nm 
  Precision   10 umol m-2 s-1 
 
HANDLE DIMENSIONS (Excluding Head) 
 30 mm Dia x 290 mm L (B/R) 
 38 mm Dia x 200 mm L (N/C/P) 
 
TYPICAL WEIGHT 
 675 g (B/R)  870g (N/C/P) 
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5. DESCRIPTION 
 
Various types of leaf cuvettes are available, both hand-held and for the laboratory.  The 
following notes are to assist in their use, but it is assumed that the operator is conversant with 
methods of photosynthesis measurement and the appropriate calculations. 
 
The PLC(U) Universal cuvette is designed to be completely filled (or not) by the leaf lamina, 
as air circulation is independent above and below the leaf. The Narrow(N), Conifer(C) and 
Pod(P) cuvettes must not be completely filled, in order for the air circulation to work 
effectively. 
 
To measure leaf temperature, either the Energy Balance Calculation (EBC) can be used (see 
the CIRAS manual for more details) or the leaf thermistor. We recommend using EBC, as this 
gives a better average measurement. 
 
Every cuvette is supplied complete with an air circulation fan, and is usually supplied fitted 
with sensors for measuring air and leaf temperatures, and PAR.  If fitted with sensors then a 
circuit board is also fitted, for the necessary signal processing. 
 
Except for cylindrical PLC's the cuvette window is made from an interference filter 
(CALFLEX 3000).  Based on the manufacturer's specifications, this filter will remove most of 
the infrared radiation above 0.75 microns.  Cylindrical PLC’s have PMP windows. 
 
The PLC(B/R) has a water cooled cuvette base fitted as standard. Cooling water should be 
passed through the block at low pressure, as required. 
 
The cuvette operates from a 12V DC supply, drawing approx 50mA. 
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6. CUVETTE BUTTONS & SWITCHES 
 

6.1. PLC RECORD BUTTON 
 
This is the button on the top of the cuvette head support.  A short press is all that is required as 
it is checked every 200 milliseconds.  It operates with either the cuvette open or closed.  It 
must be released and pressed again for multiple records. 
 

6.2. LEAF THERMISTOR 
 
The leaf thermistor is plugged into the 4 pin connector on the cuvette head support. 
 
There are many problems in using this type of temperature sensor :- 
 
1. The temperature across a leaf lamina is not uniform. 
2. If the sensor is pushed into a leaf lamina, local leaf damage results in changes in water 

relations, in stomatal conductance and therefore transpiration, which locally affects leaf 
temperature. 

3. If the temperature sensor is pressed against the underside of the leaf, then the major part 
of the sensor surface is exposed to the cuvette air and the temperature measured is bound 
to be an intermediate.  If insulation is used to shield the sensor from the air, then 
transpiration is locally suppressed and the leaf temperature will be affected. 

 
We therefore do not normally advise this type of measurement and though we supply a sensor, 
we leave it up to the customers to devise their own method of attachment. 
 

6.3. ACCESSORY CONNECTOR 
 
This is only fitted to the Broad type cuvette. It is the 3-pin plug on the left hand side of the 
cuvette head support.  It supplies 12V DC unregulated from the CIRAS.  Power is only 
available when CIRAS is switched on.  Power is continuous and is not switched off when the 
PLC is open.  Current drain must not exceed 100ma.  It is used to power the cuvette cooling 
fan and MUST NOT BE USED FOR LAMPS OR PELTIER ELEMENTS. 
 

6.4. PLC OPEN/CLOSE SWITCH 
 
Broad Cuvette : This is a button switch on the bottom of the cuvette head support.  It is 
operated by an adjustable stud on the PLC handle.  This is adjusted so that when the leaf seals 
just touch, the CIRAS fan starts up.  To re-adjust, slacken off the stud lock-nut, and twist the 
stud in/out until the above criterion applies. 
 
N/C/P Cuvettes : A magnet is set into the underside of the headplate which operates a reed 
switch as the head closes. No adjustment is required. 
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7. PLC TO CIRAS PIPE CONNECTION 
 
Refer to Figure 1 (next page) for details regarding the PLC to CIRAS pipe connections.  The 
reference air connection goes direct to the cuvette head.  The analysis sample connection has a 
Y connector within the PLC handle to vent excess flow from the cuvette.  If the reference and 
analysis pipes were to be reversed at the CIRAS connections, then the flow to the cuvette 
would vent out of the Y connector, whilst the cuvette flow would be that drawn by the 
analysis sample line (100 mls/minute).  This would lead to errors in calculation as the flow 
measured by the air supply mass flow meter will have been used in the calculations and not 
the 100 mls/minute actually passing through the cuvette. 
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PIPE CONNECTIONS FOR BROAD/RICE CUVETTES 

 
 



9 

Standard Leaf Cuvettes Operator's Manual                   Version 1.40 

PIPE CONNECTIONS FOR NARROW/CONIFER/POD CUVETTES 
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8. AIR SUPPLY FLOW RATE 
 
This should initially be set at about one millilitre per second per cm2 of leaf.  However, flow 
into the leaf cuvette must always exceed that drawn off for analysis to slightly pressurise the 
leaf cuvette.  CIRAS requires 100 mls/minute, so the minimum flow setting must be no less 
than 150 mls/minute.  Once measurements have started, the flow can then be adjusted 
according to the CO2 depletion.  For accurate results, a range of 5 to 30 ppm would be 
sensible.  If the depletion is too large, increase the flow rate, and if too small, decrease it, 
bearing in mind the 150 mls/minute minimum. 
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9. BOUNDARY LAYER MEASUREMENTS 
 
Leaf cuvettes are tested in the factory for the efficiency of stirring by measuring the boundary 
layer resistance (Rb) over an area of exposed wet filter paper, which simulates a leaf. This is 
based on the method of Parkinson (1985)1 and Parkinson & Day (1990)2. 
 
For a PLC(B) the area of paper exposed is 18mm diameter (2.5cm2 projected area) and fills 
the cuvette. It is exposed on both surfaces. 
 
For a PLC(N/C/P) the paper area is 4cm x 0.5cm (2cm projected area), and forms the centre 
part of a 1cm wide simulated polythene leaf which is suspended across the whole width of the 
PLC.  It is exposed on both surfaces. 
 
The measured value is written on the “Tested Label” that is attached to each cuvette plus the 
instrument Packing Note. If the Rb value is lost then it should be recalculated, though the 
appropriate typical value can be used in the interim. 
 
Typical Rb values for different cuvette types are: 
 

PLC Type Rb (m2/s-1/mol-1) 
Universal Cuvette - PLC6 
(U) 

0.20 

Broad Cuvette -PLC(B) 0.20 
Narrow Cuvette -PLC(N) 0.20 
Pod Cuvette -PLC(P) 0.30 
Conifer Cuvette -PLC(C) 0.30 

 
A boundary layer calculation program (DOS based) is on the CD Rom supplied with CIRAS 
This allows the user to automatically recalculate Rb. The following describes exactly how to 
do this :- 
 
1. A leaf simulant is required. Seal filter paper inside a polythene bag, and then cut away the 

polythene to expose a known area of paper. 
 

For the accurate determination of Rb, it is essential that the equilibrium humidity in the 
cuvette is significantly below saturation, and this is achieved as follows :- 

 
- exposed area restricted to less than 3cm2 
- flow rate set to > 400 mls/minute 
- inlet humidity set to the minimum 

 
                                                 
1 Parkinson,K.J. (1985) A simple method for determining the boundary layer resistance in leaf cuvettes. Plant, 
Cell and Environment 8:223-226. 
2 Parkinson,K..J. and Day,W. (1990) Design and testing of leaf cuvettes for use in measuring photosynthesis and 
transpiration, pp. 207-229. In Measurement Techniques in Plant Science (Eds. Hasimoto,Y., Kramer,P.J., 
Nonanic,H. and Strain,B.R.) Academic Press Inc.,USA 
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For real leaves that correspond to the laminar simulants used in the factory calculation 
the values will be correct (for example a flat broad leaf in a PLC(B) or a grass leaf in a 
PLC(N)). 

 
Where the leaf structure is different then it will be necessary for the user to determine 
Rb using a simulant of a similar form. 

 
For bushy structures it is possible to measure Rb using a real leaf, bearing in mind the 
area limitation. Wet the surface of the leaf with water containing a wetting agent, 
shake off any surplus, and then place in the cuvette. 

 
2. The exposed filter paper is wetted, and any surplus water blotted off. Care must be taken 

that water does not spread from the wet paper to the gaskets or to the cuvette surfaces, as 
this will affect the results. The exposed shape can be altered by masking with foil. 

 
3. Inset the replica leaf in the centre of the cuvette. 
 
4. Cover the cuvette with a cloth (this measurement must be done in the dark). 
 
5. From CIRAS Measure Mode : 
 

- set the cuvette flow rate to 470 ml/min. 
- enter the exposed leaf area and bring up the measurement display. 
- set the reference CO2 and H2O to zero. 
- automatic cuvettes must be set to track ambient. 

 
6. Once the humidity difference reading has stabilized (remains unchanged for approximately 

10 seconds), please note the following values :- 
 

- equilibrium values of the reference and differential humidities 
 

- cuvette air  temperature 
 

- exposed, projected paper area 
 

- flow rate 
 

- atmospheric pressure. 
 
7. Run the RBCAL program and enter the requested values. Rb is calculated by an iterative 

process. The final value may then be entered for Rb at the appropriate CIRAS menu. 
 

If the recalculated Rb value is significantly different from that originally quoted or 
expected then it is probably due to one or more of the following : 

 
- failure to blot excess water from the leaf simulant. 

 
- not centering the leaf simulant in the cuvette. 
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- interference from ambient light 

 
- high humidity within the cuvette reducing the rate of evaporation from the 
filter paper. Caused by too low a flow rate or too large an exposed area of filter 
paper. 

 
- failure of the cuvette mixing fan 
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10. TRANSMISSION COEFFICIENT 
 
In order to calculate the leaf temperature from the energy balance, 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, which 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. 
 
Therefore, 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 transmission characteristics of the cuvette window, the spectral 
distribution of the light source and the typical absorption characteristics of the leaf, a factor 
(Transmission Coefficient) can be calculated that is then multiplied against the PAR value to 
get the energy absorbed by the leaf. 
 
The transmission coefficient (TRANS) used in the Energy Balance Equation to calculate the 
light intensity within the cuvette varies with the light source and with the type of cuvette (the 
PAR sensor is fitted inside the chamber of certain types of cuvette). The different TRANS 
values are listed in the CIRAS manual, in the table “Settings for different types of 
PLC/Sensor”. 
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11. CUVETTE SENSORS 
 

11.1. PAR SENSOR 
 
The light sensor is cosine corrected, and the interference and colour correction filters above 
the sensor ensure a good photon response. 
 
With the Broad, Rice and earlier Narrow cuvettes, the light sensor is mounted on a clip on the 
side of the cuvette head, (the clip may be re-positioned as necessary).  When removed from 
the clip, the sensor may be held in the leaf position beneath the cuvette window to get a direct 
measure of the light intensity falling on the leaf This is necessary if the manual-type light unit 
is used (refer to the LIGHT UNIT section for more information). 
 
With the Conifer and Pod cuvettes, the light sensor is mounted in the radiation shield. 
 
The PAR sensor is calibrated to measure the incident light intensity (0.666 mv per 
micromol/m2/s).  It should be re-calibrated when necessary against a suitable quantum sensor. 
 

PLEASE NOTE.  If the photocell is replaced, recalibration is essential. 
 
PAR SENSOR CALIBRATION 
 
It is best to calibrate the PAR sensor under a similar light source to that most frequently used 
for measurement.  Please refer to the Circuit Board Diagram supplied with the cuvette for 
potentiometer locations. 
 
The following items are required in order to properly calibrate the PAR sensor: 
 
•  Screwdriver to remove the PLC handle cover (for earlier PLC versions). 

•  Calibrated PAR sensor for comparison. 

•  Small screwdriver or potentiometer adjusting tool. 

•  Opaque cover to exclude light from PAR sensor for adjustment. 

•  Steady and uniform light source. 

 
PLEASE NOTE.  For sunlight calibrations, choose a site in the open that is away 
from buildings and trees that could intrude on the field of view of the sensor. 
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To calibrate the PAR sensor: 
 
1. For earlier PLC versions the handle cover must be removed to gain access to the PCB. 

(refer to the LEAF CUVETTE DISASSEMBLY section). 

2. Connect the PLC to CIRAS and switch on. 

3. From the main menu, press ‘0’ and then select ‘1’ SEE DATA INPUTS. 

4. Press ‘Y’ twice to get to the display showing PAR. 

5. Completely cover the PAR sensor with the opaque material and if necessary, adjust the 
zero potentiometer (P2 on earlier PLCs) until the PAR display flickers just above 0. 

6. Next, place the PAR sensor and the comparison sensor side by side under uniform 
conditions.  Ensure that you are not shading the sensors or significantly affecting their 
field of view.  Also ensure that the tops of the sensors are at the same height and parallel. 

7. If necessary, adjust the PAR span potentiometer (P1 on earlier PLCs) until the PAR sensor 
on the PLC and the calibration sensor read the same. 

8. After all adjustments have been made, replace the PLC handle cover (earler PLC versions 
only) 

 

11.2. AIR & LEAF TEMPERATURE SENSORS 
 
These are BETATHERM thermistors (Type 100K6), and recalibration should not be required 
even if the sensors are replaced.  The thermistors are placed in a circuit in series with a 
precision resistor.  The reference voltage of the A/D converter is applied across the circuit, 
and the voltage drop across the precision resistor is measured by the A/D.  Changes in the A/D 
reference voltage should have no effect on the accuracy.  The possible sources of error are 
poor contacts in the circuit (most likely), or failure of the reference voltage. 
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12. ROUTINE CHECKS 
 
After each day's use, the leaf cuvette should be examined for :- 
 
A.  Foreign matter 
 
Debris inside the cuvette will affect the response time, and if present, this should be carefully 
removed with a brush or lint-free cloth.  To fully access the head, detach the head opening 
assembly (refer to the LEAF CUVETTE DISASSEMBLY section). 
 
B.  Damage to the leaf seals 
 
Occasionally, the cuvette should be checked for leaks.  This is done by operating the cuvette 
in the normal way, but without a leaf in the system.  Breathing hard over the cuvette should 
not result in an increase in the measured CO2 differential.  If there is an increase, the leak can 
often be isolated by gently blowing onto localised positions through a pipe. 
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13. LEAF CUVETTE DISASSEMBLY 
 
To dismantle the leaf cuvette for maintenance, it is necessary to complete the following steps 
:- 
 
1. Place the leaf cuvette window down on a soft surface. 
 
For access inside the cuvette head :- 
 
2.  For PLC(B) and earlier PLC(N/C/P) versions 

Unscrew the hinge pin, and pivot the handle forward. 
For current PLC(N/C/P) 

  Unscrew both hinge pins and lift the window plate off 
 
Next, to access the circuit board :- 
 
3. Remove the three screws at the front of the casing. 
4. Remove the screw(s) on the black collar at the rear. 
5. Now slide back the handle to expose the circuit board. 
 
Re-assembly is the reverse of the above. 
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14. CIRCUIT BOARD 
 
The cuvette casing must be dismantled to access the circuit board. 
 
The board layout and the position of the zero and span adjustment potentiometers for PAR are 
as shown in the circuit diagram(s) supplied with the cuvette. 
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15. STIRRING MOTOR 
 
No routine maintenance is required apart from checking to ensure that the motor is rotating 
freely.  If the motor fails to rotate:- 
 
1. First, check that it is not jammed by carefully rotating the impeller. 
 
2. Now check that the voltage on the motor terminals is 12V.  If correct, then motor should 

be replaced. 
 
Fitting instructions are provided with spare motors. 
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16. LIGHT UNIT 
 
The Light Unit is designed to give high intensity, uniform illumination at the leaf surface, 
coupled with the minimum of heating.  The user must be aware that the unit delivers high 
levels of visible radiation onto the leaf, which will have a warming effect.  The unit is 
designed to minimise the heating effect in the following ways :- 
 
A. There are interference filter(s) fitted to the light unit in addition to the one in the cuvette 

window.  Based on the manufacturer's specifications, these filters will remove most of 
the infra-red radiation below 3.0 microns. 

 
B. The unit is fitted with cooling air fan(s), which must be checked daily to ensure correct 

operation. 
 
C. Fan cooled heat sink(s) are fitted to the cuvette. 
 
D. Heat transfer by conduction to the cuvette is minimised by the filter holder, which acts as 

a thermal break.. 
 
E. An air space is left between the lamp housing and the cuvette. 
 
The extent of the temperature rise of the cuvette depends upon the rate of air movement 
external to the cuvette, and also on the distribution of sensible and latent heat transfers by the 
leaf. 
 

 
ENSURE AT LEAST 50mm OF FREE SPACE ABOVE AND BELOW THE 

CUVETTE HEAD WHEN THE LIGHT UNIT IS ON, TO ALLOW FOR AIR 
CIRCULATION 
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FITTING THE LIGHT UNIT 
 

WHEN HANDLING THE LIGHT UNIT, HOLD BY THE COVER AND DO NOT 
PRESS ONTO THE COOLING FAN, AS IT IS EASILY BROKEN. 

 
BROAD/RICE CUVETTE 
 
1. Carefully place the spring clip on one side of the unit into the groove on the side of the 

cuvette head. 
 
2. Then push the lamp unit towards the unclipped side to engage the other pair of clips. 
 
To remove, reverse the above process. 
 
NARROW/CONIFER/POD CUVETTES 
 
To fit the N/C/P type, align the two holes at the back of the light unit with the 2 pins on the 
cuvette head.  Push in place, then tighten the thumb screw.  Connect the flexible lead and plug 
to the socket on top of the cuvette handle.  The On/Off switch is on the front of the unit. 
 
POWER SUPPLY 
 
For lab use, we recommend a regulated power supply :- 
 
PLC(B) + Tungsten Halogen Light Unit  6 amp-hour 12v 
PLC(B) + LED Light Unit    3 amp-hour 12v 
PLC(N/C/P) + Tungsten Halogen Light Unit  12 amp hour 12v 
 
A 12V battery charger could be used, but it is best to put in parallel with a 12V battery to 
prevent too high a voltage to the lamp.  For field use, a battery of sufficiently large capacity to 
maintain a relatively constant voltage is required. 
 
For example: PLC(B) unit, 20 amp-hour 12V/day. 
  PLC(N) unit, 40 amp-hour 12V/day. 
 

PLEASE NOTE.  This cannot be supplied by the standard CIRAS batteries. 
 
In case of sourcing difficulty, or if you have any questions, please contact us. 
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LIGHT INTENSITY ADJUSTMENT 
 
To adjust the light intensity, use the diffuser and wire mesh provided.  Maximum light 
intensity (approx. 1,500 µmol m-2 s-1) is achieved without diffuser or mesh. The first reduction 
in light is provided by inserting the diffuser in the slot in the lamp housing above the cuvette 
window. Subsequent reductions are obtained by laying gauzes on top of the diffuser. 

 
PLEASE NOTE.  Altering the lamp voltage will also alter the intensity, but will 
cause a change in the wave-length energy distribution of the light. 

 
DETERMINING LIGHT INTENSITY IN THE CUVETTE WITH A LIGHT UNIT 
 
With the Broad and Rice cuvettes, the light sensor fitted can be used to determine the intensity 
at leaf level prior to an experiment. To do this :- 
 
1. Unscrew the pivot pin holding the handle in the black pivot. 
 
2. Pull the handle out of the pivot and unclip from the cuvette base after making a note of 

its position on the cuvette base. 
 
3. Drop down the chamber base. 
 
4. Detach the PAR sensor from its clip. 
 
5. Attach the light unit to the cuvette, switch on, then holding the PAR sensor at the leaf 

level, measure the PAR on CIRAS. 
 
6. Repeat, using the diffuser and screens, as required. 
 
7. Reassemble cuvette. 
 
8. Now on CIRAS, at the menu showing 3Q (automatic/manual measurement of light), 

enter the appropriate value determined above for each light level. NB. with the light 
intensity measured at leaf level using a PP Systems illumination unit, the value for 
TRANS is 0.16. 

 
Do not forget to re-enter 3Q 0000 for measurements without the light unit and also the 
correct value of TRANS for the light source used. 
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REPLACING LIGHT BULBS (BROAD/RICE) 
 
The bulb fitted is a quartz halogen Class M, projection type M35.(M35 12v, 20W, G4 base). 
For about 20% less output but with a longer life, a type M47 bulb can be used. 
 
Access to the bulb is achieved by removing the square metal casing surrounding the unit.  In 
early versions, the casing was retained by 4 self-tapping screws in the middle of each side, at 
the top of the unit, that screwed into the fan casing.  In later versions the casing was held by 
the washers on the four fan retaining screws. 
 
1. Undo the four screws and slide the casing upwards.  On early versions, be careful to free 

the grommet through which the power supply leads pass. 
 
2. Remove the lamp holder by undoing the single retaining screw. 
 
3. Replace the bulb, making sure that you do not touch the bulb surface with your fingers. 
 
Reassemble in reverse order, ensuring the supply wires are put back in place. 
 
REPLACING LIGHT BULBS (NARROW/CONIFER/POD) 
 
Remove the two screws at the front of the lamp housing beneath the switch. 
Remove the screws on either side of the lamp housing. 
Carefully separate the front and back halves of the housing taking care not to damage the heat 
mirrors. 
Replace any lamps and re-assemble. 
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17. STORAGE 
 
When not in use, the leaf cuvette should be stored in the open position with the spring 
pressure off the leaf seals. 
 
With Broad, Rice and and earlier Narrow cuvettes, the small D shaped wire clip on the handle 
at the head end can be pivoted to engage a groove in the cuvette head support, in order to keep 
the cuvette open. 
 
Storage should not be at excessive humidity (>70%) or temperature (>35 Deg C). 
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18. NOTES 
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