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Chapter 2 Safety Instructions 

2 Safety Instructions 

2.1 General Safety Instructions 

- Read safety instructions and the operating instructions 
prior to operation of the device. 

- Pay attention to all safety warnings. 

- Keep device away from water or high moisture areas. 

- Keep the device away from dust, sand and dirt. 

- Do not put the device near sources of heat. 

- Ensure sufficient ventilation. 

- Connect the device only to the power source indicated 
in the operating instructions or on the device. If the de-
vice is not in use, remove the mains plug from the 
socket. 

- Ensure that neither liquids nor foreign bodies get inside 
the device. 

- The device should only be repaired by qualified per-
sonnel. 

2.2 Special Safety Instructions 

- The MINI-PAM-II is a highly sensitive instrument which 
should be only used for research purposes, as speci-
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fied in this manual. Follow the instructions of this man-
ual in order to avoid potential harm to the user and 
damage to the instrument. 

- The MINI-PAM-II can emit very strong light! In order to 
avoid harm to your eyes, never look directly into the 
light port of the MINI-PAM-II or its fiber optics. 

 

 



Chapter 3 Introduction 

3 Introduction 

- The “Photosynthesis Yield Analyzer MINI-PAM-II” has 
been designed for highly sensitive saturation pulse analy-
sis of photosystem II, Y(II), in the field as well as in the 
laboratory. 

- The instrument stands in the tradition of the MINI-PAM 
chlorophyll fluorometer. Major technical progresses of the 
MINI-PAM-II are full energy-efficient LED technology, in-
ternal PAR sensor, and independent touchscreen opera-
tion even under natural light conditions. 

- A newly designed leaf clip sensor (2035-B) measured ac-
curately photosynthetically active radiation (PAR) at leave 
level. Reliable PAR and Y(II) data form the basis for calcu-
lations of leaf electron transport rates (ETR). 

- Further technical advances are a build far red LED for se-
lective photosystem I excitation and operation independ-
ent of line power by standard 6 AA (Mignon) batteries. 
One set of batteries last for up to 1000 saturation pulse 
analyses and the MINI-PAM-II internal memory stores 
more than 27000 saturation pulse analyses. 

- Its operating software is WinControl-3 which has been in-
troduced for the JUNIOR-PAM and now operates fluoro-
meters like the MONITORING-PAM, DIVING-PAM and 
WATER-PAM. 

- The parameters automatically calculated by the inde-
pendently operated MINI-PAM-II or by WinControl-3 are 
FV/FM, and Y(II) (maximum and effective photochemical 
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yield of PS II, respectively), qL, qP, qN, NPQ, Y(NPQ), 
Y(NO) and ETR. 

3.1 Intention of this Manual 

The MINI-PAM-II fluorometer displays a high degree of flexibil-
ity in measuring fluorescence. To make full use of the oppor-
tunities offered by the MINI-PAM-II, it is necessary to become 
acquainted with terminology and principles of saturation 
pulse analysis. Therefore, this manual contains a theoretical 
chapter (Chapter 5, page 19). 

Also, Chapter 5 provides a list of review papers dealing with 
PAM chlorophyll fluorescence and saturation pulse analysis. 
Further, a short section is included providing some hints for 
beginners (Chapter 6, page 33). 

Chapter 7 (page 37) provides detailed instructions on touch-
screen operation including instructions on fluorescence 
induction and light curve programs. 

Operation of the MINI-PAM-II by the WinControl-3 software is 
not covered in the current edition of the MINI-PAM-II manual. 
As soon as software testing is completed, a new edition, 
including WinControl-3 operation, will be made available to our 
customers. Currently, we refer to the JUNIOR-PAM manual as 
source of information on WinControl-3.  

(http://www.walz.com/products/chl_p700/junior-pam/downloads.html) 

http://www.walz.com/products/chl_p700/junior-pam/downloads.html
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4 Components and Setup 

4.1 Extent of Delivery (Basic System) 

Optoelectronic Unit 

Fiberoptics MINI-PAM/F 

Power Supply MINI-PAM-II/N 

Battery charger 000190101101 

USB cable type A Mini-B 

Distance Clip 60° 2010-A 

Sloped Plexiglas rack. 

Stylus 

Carrying strap 

Software WinControl-3 

MINI-PAM-II Manual 

WinControl-3 Software 
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4.2 Optoelectronic Unit 

Sockets, light port and on/off switch of the back side of the 
MINI-PAM-II are outlined and numbered in Fig. 1, their proper-
ties and functions are explained in Table 1, page 10. 

Fig. 1: Back panel of MINI-PAM II Power-and-Control-Unit 

9 
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Table 1: Backside of MINI-PAM-II. 

Numbering in 
Fig. 1, page 9 

Function 

LEAF CLIP 
Socket for 2035-B Leaf-Clip Holder 

AUX 1 
Electronically configured as LEAF CLIP socket 

AUX 2 
Electronically configured as LEAF CLIP socket 

SYNC 
Socket for external light source which emits synchronized with 
MINI-PAM-II measuring light 

ON/OFF 
MINI-PAM-II switch 

USB SOCKET 
Receptacle for MINI-B USB plug. 

EXT. DC 
Socket for Power Supply MINI-PAM-II/N 

COMP 2 
Prepared for peripherals mastering RS232 communication (e.g. 
bar code scanner) 

COMP 1 
Electronically configured as COMP 2 

LIGHT PORT 
Port for Fiberoptics MINI-PAM/F 

2 

1 

3 

4 

Note Great caution should be exercised to prevent dirt or for-
eign matter from entering the ports or sockets of the 
MINI-PAM-II. Do not force a plug into the wrong socket. 
Orientate each plug so that the red dot on the plug coincides 
with the red dot of the socket. Do not try to disconnect a plug 
by pulling at the cable. Disconnect plug by pulling at the 
rippled metal part of the plug. 

6 

7 

8 

9 

10 

5 
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The first version of the MINI-PAM-II fluorometer is equipped 
with a blue LED (MINI-PAM-II/B). This LED is electronically 
driven to act as measuring and as actinic light source. In addi-
tion, the blue version of the MINI-PAM-II, as well as the future 
red version, emit far red LED light. Normalized spectra of blue 
and far red LEDs are shown in Fig. 2. 

Fig. 2: Normalized Emission Spectra of MINI-PAM II LEDs 
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4.3 Distance Clip 60° 2010-A 

Fig. 3: Distance Clip 60° 2010-A 

The 2010-A clip positions the fiberoptics end-piece relative to 
the sample. The axis of the end-piece is positioned at a 60° 
angle relative to the sample plane. Two different spacer rings 
may be used to increase the distance between fiberoptics and 
sample. 

In case of relative thick leaves, or when lichens and mosses 
are examined, the sample may be placed below the hole of the 
2010-A clip. Normal leaves are usually examined above this 
hole. In the latter case, the leaf can be held between the 
folded parts of the clip. 

The distance between fiberoptics exit plane and sample has 
considerable influence on signal amplitude and effective light 
intensities (Fig. 4, page 13). Clearly, with a 60° angle between 
sample plane and fiberoptics, the distance between fiber op-
tics tip and leaf surface varies, and, hence, the leaf surface is 
exposed to slightly heterogeneous light intensities when actinic 
light is applied via the fiberoptics. A much more pronounced 
intensity gradient exists inside the leaf due to shading by the 
top chloroplast layers. In essence, the measured signal will be 
dominated by that part of the leaf which receives maximal in-

12 
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tensity, as this also is most strongly excited by the measuring 
light and emits most of the fluorescence which is received by 
the fiberoptics. 

Fig. 4: Relationship between signal amplitude/light intensity and distance between 
fiberoptics exit plane and sample 

13 
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4.4 Accessories 

4.4.1 2035-B Leaf-Clip Holder 

The Leaf-Clip Holder 2035-B must be connected to the LEAF 
CLIP socket (Fig. 1, page 9) to record PAR, leaf temperature 
and ambient humidity in parallel with chlorophyll fluorescence. 
Readings of environmental data are taken with every satura-
tion pulse analysis. The Leaf-Clip Holder 2035-B is almost in-
dispensable for field investigations, when ambient conditions 
may vary considerably. It substitutes for the standard "Dis-
tance Clip" as a device for defined positioning of the fiberop-
tics relative to the leaf plane. Also, using the PAR sensor of 

Fig. 5: 2035-B Leaf-Clip Holder 

14 
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the leaf clip, the internal PAR sensor of the MINI-PAM-II can 
be readily calibrated. 

The Leaf-Clip Holder 2035-B must be connected to the LEAF 
CLIP socket (Fig. 1, page 9) to record PAR, leaf temperature 
and ambient humidity in parallel with chlorophyll fluorescence. 
Readings of environmental data are taken with every satura-
tion pulse analysis. The Leaf-Clip Holder 2035-B is almost in-
dispensable for field investigations, when ambient conditions 
may vary considerably. It substitutes for the standard "Dis-
tance Clip" as a device for defined positioning of the fiberop-
tics relative to the leaf plane. Also, using the PAR sensor of 
the leaf clip, the internal PAR sensor of the MINI-PAM-II can 
be readily calibrated. 

In this holder, the leaf is resting on a Perspex tube with wid-
ened crest, which can be vertically adjusted, to account for dif-
ferent leaf thicknesses. The fiberoptics axis forms a 60° angle 
with the leaf plane. Optionally, a 90° fiberoptics adapter is 
available for applications requiring homogenous illumination by 
actinic light applied via the fiberoptics. The distance between 
fiberoptics and leaf can be varied. For most applications the 
minimal distance is recommended (maximal signal). Larger 
distances can be defined by spacer rings. The illuminated leaf 

area is limited by a steel ring with 10 mm  opening. 

At the bottom of the Leaf-Clip Holder 2035-B, a tripod mount-
ing thread is provided. Mounting the device on a tripod (e. g. 
Compact Tripod ST-2101A) facilitates long term measure-
ments with the same plant. 

The handle of the Leaf-Clip Holder 2035-B features a red 
push-button for remote control of the MINI-PAM-II. Pressing 
this button triggers a Saturation Pulse, thus initiating the 

15 
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measurement of key fluorescence parameters with “quenching 
analysis”. 

Micro-Quantum-Sensor 

A micro quantum sensor is integrated into the Leaf-Clip Holder 
2035-B to monitor the photosynthetic active radiation (PAR) to 
which the sample is exposed. The micro-quantum-sensor 
measures incident PAR in µmol quanta m-2 s-1, i.e. in units of 
flux density. Hence, the measured parameter PAR is identical 
to PPFD (photosynthetic photon flux density). 

Essential optoelectronic elements of this micro-quantum-
sensor are: 

- A 3 mm ∅ diffusing disk.

- High stability silicon photovoltaic detector with filter set for 
PAR correction.

- Cosine response characteristics (Angular dependence: 
Error < 3% for angle between -30° and +30° from normal 
axis). 

The sensor is factory calibrated and calibration factors are 
stored in the internal memory of the 2035-B leaf clip. The sta-
bility of calibration depends on keeping the diffuser clean. It is 
advisable to check calibration regularly by comparison with a 
standard quantum sensor. Any deviation can be corrected by 
entering a recalibration factor in WinControl-3 or on the touch 
screen. A substantial increase of the calibration factor from its 
original value indicates dirt-deposition on the diffuser, which 
may be reversed by gentle cleaning using a cotton tip applica-
tor, moistened with some diluted ethanol.  

16 
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Thermocouple 

A NiCr-Ni thermocouple is mounted in the Perspex tube on 
which the investigated leaf area is resting. Its tip is forming a 
loop that gently presses against the lower surface of the leaf. 
In this way there is effective temperature equilibration and the 
thermocouple is protected from direct sun radiation. The refer-
ence couple is located on the circuit board, in close proximity 
to the thermovoltage amplifier, enclosed in the bottom part of 
the holder. The relationship between thermovoltage and tem-
perature is almost linear. With decreasing temperatures there 
is a small decline of ∆V/°C. Calibration was performed at 
25 °C. At 0 °C or –15 °C the deviation amounts to 0.5 or 
0.8 °C, respectively. 

Humidity Sensor 

A calibrated, capacitive type humidity sensor measures humid-
ity conditions close to the sample surface. 

Data Display 

All sensor data are displayed on the touchscreen window “Pri-
mary Data” (Fig. 11, page 43) 

Dark Leaf Clip DLC-8 

The Dark Leaf Clip DLC-8 weighs approx. 4 g and, hence, can 
be attached to most types of leaves without any detrimental ef-
fects. It is equipped with a miniature sliding shutter which pre-
vents light access to the leaf during a dark-adaptation period. 
This shutter is opened for the actual measurement only, when 
exposure to external light is prevented by the fiberoptics. 
Proper dark-acclimation is essential for determination of the 
maximal quantum yield FV/FM and for recording of dark-light 
induction kinetics. 

17 
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Using the Dark Leaf Clip DLC-8, the fiberoptics is positioned at 
right angle with respect to the leaf surface at the relatively 
short distance of 7 mm. As a consequence, signal amplitude is 
distinctly higher (factor of 2.4) than when the Leaf-Clip Holder 
2035-B with 60° fiberoptics angle is used. In order to avoid 
signal saturation, the settings of measuring light intensity and 
gain have to be correspondingly lowered with respect to the 
standard settings (Fig. 22, page 58). 

Figure 3.6: Dark Leaf Clip 

When the shutter is still closed and the measuring light is on, 
an artifactual Ft signal is observed. This signal is due to a 
small fraction of the measuring light which is reflected from the 
closed shutter to the photodetector. However, this background 
signal is of no concern as the reflection is much smaller when 
the shutter is opened and the measuring light hits the strongly 
absorbing leaf instead of the metal surface of the shutter that 
acts like a mirror. 
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5 Saturation Pulse Analysis 

5.1 Five Fluorescence Levels 

Usually, five different levels of modulated fluorescence are ac-
quired by PAM fluorometers. Two of these levels (F0 and FM) 
must be measured with the dark-acclimated sample. The three 
other levels (F0’, F, and FM’) are measured with the actinic 
light-exposed sample or in a dark period following this light 
treatment (see Fig. 6, page 19). Some parameters of satura-
tion pulse analysis require fluorescence measurement of the 

Fig. 6: Measurements for Saturation Pulse Analysis. AL, Actinic Light; D, 
dark; SP, Saturation Pulse; FR, Far-red illumination. 
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same sample in both the dark-acclimated and light-exposed 
state (Table 2, page 25). 

Because PAM fluorescence is excited by µs pulses of constant 
amplitude, variations between fluorescence levels are usually 
interpreted as variation in chlorophyll fluorescence yield. This 
applies for variations between different types of fluorescence 
levels (e.g. between F0 and FM) and for variations of the same 
type of fluorescence level (e.g. the change of FM’ during a fluo-
rescence induction curve). 

5.1.1 Measurements with Dark-Acclimated Samples 

F0 Minimum fluorescence level excited by very low inten-
sity of measuring light to keep PS II reaction centers 
open. 

FM Maximum fluorescence level elicited by a pulse of 
saturating light (Saturation Pulse) which closes all PS 
II reaction centers. 

5.1.2 Measurements with Illuminated Samples 

20 

F0’ Minimum fluorescence level of illuminated sample. 
The F0’ is lowered relative to F0 by non-photochemical 
quenching. The measuring routine for F0’ (F0’ Mode, 
Fig. 22, page 58) determines the F0’ level during a 
dark interval following a Saturation Pulse. In this dark 
interval, far-red light is applied which selectively drives 
PS I. As a consequence, electrons are removed from 
the intersystem electron transport chain and opening 
of PS II reaction centers is efficiently accelerated (see 
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Fig. 6, page 19, time point 75 s). Ideally, far-red opens 
PS II in less than 5 s and it is often assumed that dur-
ing this short interval light-driven energization of the 
photosynthetic membrane decays very little. 

If the F0’ Mode is switched off, the F0’ will be calcu-
lated according to Oxborough and Baker (1997, refer-
ence in Table 3, page 26): 

MM FFF

F





111

1

0

0

On the touchscreen (Fig. 12, page 44) and in WinCon-
trol-3, the numerical value of the calculated F0’ is pre-
ceded by a tilde sign (e.g. ~456). 

FM’ Maximum fluorescence level of the illuminated sam-
ple. The FM’ is induced by a Saturation Pulse which 
temporarily closes all PS II reactions centers. FM' is 
decreased relative to FM by non-photochemical 
quenching. 

F The F corresponds to the momentary fluorescence 
level (Ft) of an illuminated sample measured shortly 
before application of a Saturation Pulse. 

5.2 Fluorescence Ratio Parameters 

To quantify photochemical use and non-photochemical losses 
of absorbed light energy, fluorescence ratio expressions have 
been derived which use two or more of the five relative fluo-
rescence yields introduced above. Table 2 (page 25) compiles 
the fluorescence ratio parameters available in MINI-PAM-II and 
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WinControl-3. Below, these parameters will be briefly ex-
plained. 

FV/FM and Y(II) Maximum and effective photochemical quan-
tum yields of PS II 

The FV/FM and Y(II) estimate the fraction of absorbed quanta 
used for PS II photochemistry. FV/FM corresponds to the maxi-
mum photochemical yield of PS II, Y(II) is the effective photo-
chemical yield of PS II. Measurements of FV/FM require that 
samples are acclimated to darkness or dim light so that all re-
actions centers are in the open state and non-photochemical 
dissipation of excitation energy is minimal. 

In algae and cyanobacteria, however, the dark-acclimated 
state often is not showing maximal PS II quantum yield, as the 
PS II acceptor pool may be reduced in the dark by stromal re-
ductants and, consequently, the so-called state 2 is formed 
exhibiting low PS II quantum yield. In this case, preillumination 
with moderate far-red light should precede determinations of F0 
and FM. 

The Y(II) value estimates the photochemical use of excitation 
energy in the light. It is lowered with respect to FV/FM by partial 
closure of PS II centers and various types of nonphotochemi-
cal energy losses induced by illumination. 

qP and qL Coefficients of photochemical fluorescence 
quenching 

Both parameters estimate the fraction of open PS II reaction 
centers. The qP is based on the concept of separated PS II an-
tenna units (puddle model), whereas the qL assumes intercon-
nected PS II antenna units (lake model) which appears to be 
the more realistic situation in leaves (cf. Kramer et al., 2004). 
Determinations of qP an qL do not require fluorescence meas-
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urements with the dark-acclimated sample except that the F0’ 
is calculated according to Oxborough and Baker (1997). 

qN and NPQ Parameters of non-photochemical quenching 

Both parameters are associated with non-photochemical 
quenching of excitation energy, mainly involving a low thyla-
koid lumen pH- and a zeaxanthin-dependent quenching 
mechanism. The qN and the NPQ parameters require fluores-
cence measurements with the sample in the dark-acclimated 
and in the light-exposed states (cf. Table 2, page 25). 

Calculation of NPQ (or SVN; Gilmore and Yamamoto, 1991) 
corresponds to the Stern-Volmer equation for fluorescence 
quenching which predicts proportionality between fluorescence 
quenching (NPQ) and the concentration of fluorescence-
quenching centers in the photosynthetic antennae (e.g. zeax-
anthin). 

Y(NO), Y(NPQ) and Y(II) Complementary PS II yields 

Genty et al. (1996) presented expressions describing the parti-
tioning of absorbed excitation energy in PS II between three 
fundamental pathways the sum of which adds up to one: 

Y(NO) non-regulated losses of excitation energy including 
heat dissipation and fluorescence emission, 

Y(NPQ) regulated energy losses of excitation energy by heat 
dissipation involving ∆pH- and zeaxanthin-dependent 
mechanisms, and 

Y(II) use of excitation energy for charge separation. 

This concept of "complementary PS II quantum yields" is use-
ful to analyze the partitioning of absorbed light energy in pho-
tosynthetic organisms. For instance, in the presence of strong 
light, a much higher Y(NPQ) than Y(NO) indicates that excess 
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excitation energy is safely dissipated at the antenna level and 
that photosynthetic energy fluxes are well-regulated. 

In variance, high values of Y(NO) would signify that excess ex-
citation energy is reaching the reaction centers, resulting in 
strong reduction of PS II acceptors and photodamage, e.g. via 
formation of reactive oxygen species. 

24 
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Table 2: Fluorescence Ratio Parameters. 

Source Equation Sample 
State 

Range 
[Theory] 

[Experiment] 
Maximum photochemical quan-
tum yield of PS II (Kitajima and 
Butler, 1975) M

M

M

V

F

FF

F

F 0
 Dark 

[0, 1] 
[0, ~0.84] 

Effective photochemical quantum 
yield of PS II (Genty et al., 1989) 

 
M

M

F

FF
IIY




)( Light 
[0, 1] 

[0,~ 0.84] 

Quantum yield of light-induced 
(ΔpH- and zeaxanthin-
dependent) non-photochemical 
fluorescence quenching (Genty et 
al. 1996)* 

 

MM F

F

F

F
NPQY 


)( Dark and 

Light 
[0, 1] 

[0, ~ 0.9] 

Quantum yield of non-regulated 
heat dissipation and fluorescence 
emission: this type of energy loss 
does not involve the action of a 
trans-thylakoid ΔpH and zeaxan-
thin (Genty et al. 1996)* 

 
MF

F
NOY )( Dark and 

Light 
[0, 1] 

[0, ~ 0.9] 

Stern-Volmer type non-
photochemical fluorescence 
quenching (Bilger +and Björk-
man, 1990) 

1



M

M

F

F
NPQ  Dark and 

Light 
[0, ∞] 
[0, ~4] 

Coefficient of photochemical fluo-
rescence quenching (Schreiber et 
al. 1986 as formulated by van 
Kooten and Snel, 1990) 

 
0FF

FF
q

M

M
P 




Light. If F0’ 
calculated, 
Dark and 

Light 

[0, 1] 
[0, 1] 

Coefficient of photochemical fluo-
rescence quenching assuming in-
terconnected PS II antennae 
(Kramer et al. 2004) 

F

F
qq PL

0 As qP’. 
[0, 1] 
[0, 1] 

Coefficient of non-photochemical 
fluorescence quenching (Schrei-
ber et al. 1986 as formulated by 
van Kooten and Snel, 1990) 0

01
FF

FF
q

M

M
N 




Dark and 
Light 

[0, 1] 
[0, ~0.95] 

* Kramer et al. (2004) have derived more complex equations for Y(NO) and Y(NPQ).
Klughammer and Schreiber (2008) have demonstrated that the equations by Kramer
et al. (2004) can be transformed into the simple equations of (Genty et al. 1996)
which are used by the MINI-PAM-II and WinControl-3.
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5.3 Relative Electron Transfer Rate (ETR) 

Relative electron transfer rates are calculated according to: 

ETR = PAR · ETR-Factor · PPS2/PPS1+2 · Y(II). 

The basic idea of the ETR equation is to multiply Y(II), the ef-
fective photochemical quantum yield of PS II, by an estimate 
for the photon flux density absorbed by all PS II in the sample. 
The latter estimate is derived from three numbers: 

(1) PAR Quantum flux density of photosynthetically 
active radiation (PAR) impinging on the sam-
ple. 

(2) ETR-Factor Sample absorptance (= 1 – transmittance)

The ETR-Factor describes the fraction of incident photons ab-
sorbed by the sample. The most frequently used default value 
for green leaves is 0.84 meaning that 84% of incoming light is 
absorbed. The ETR-Factor can be lower in bleached leaves or 
leaves containing considerably amounts of non-photosynthetic 
pigments like anthocyanins. 

(3) PPS2/PPS1+2 Relative distribution of absorbed PAR to pho-
tosystem II 

The default PPS2/PPS1+2 is 0.5 which assumes the PS II contrib-
utes 50% to total sample absorptance. The PPS2/PPS1+2 may 
deviate from the idealized factor of 0.5 depending on wave-
length of light and acclimation status of the sample. 
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5.4 Light Curves 

The light curve program exposes a sample to stepwise in-
creasing intensities of actinic illumination. In “Rapid Light 
Curves” (RLC), the time interval of each light step is short 
(down to 10 s) and full equilibration of photosynthetic reactions 
is not reached within an illumination interval. Typically, the 
RLC starts at a PAR value somewhat below that of the natural 
environment. 

RLC measurements are carried out with samples in their mo-
mentary acclimation status, that is, without dark-acclimation 
period to determine F0 and FM. This way, RLC data can provide 
information on the present acclimation state of photosynthesis. 
Obviously, without F0 and FM determination, those fluores-
cence ratio parameters requiring F0 and FM (like NPQ and qP) 
are not available. 

If illumination steps are long enough to reach steady state of 
photosynthesis, fluorescence-based light curves may be com-
pared with classical light response curves (P-I curves). Natu-
rally, any limitation by insufficient CO2 supply must be avoided 
during such long-term light curves. 

In both cases, RLC and long-term light curves, plotting ETR 
versus PAR yields light response curves which are often de-
scribed by the following three cardinal points. 

 α (alpha), electrons/photons: Initial slope of RLC which
is related to quantum efficiency of photosynthesis.

 ETRmax, µmol electrons/(m2 · s): Maximum electron
transport rate.

 IK, µmol photons/(m2 · s): Minimum saturating irradi-
ance.
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Evaluation of cardinal points requires WinControl-3. The soft-
ware uses two empirical functions to estimate these cardinal 
data: the functions REG1 and REG2 have been introduced by 
Platt et al. (1980) and Jassby and Platt (1976), respectively, to 
describe classical light response curves of photosynthesis. 

REG1 

In case of REG1, the cardinal point α results directly from fit-
ting the ETR below to experimental data. 

mPotmPot ETR

PAR

ETR

PAR

mPot eeETRETR
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The latter equation considers photoinhibition of photosynthesis 
by high light intensities. Therefore, the fitting procedure also 
yields an estimate for β, the “photoinhibition parameter“(Platt et 
al., 1980), and for ETRmPot, the maximum potential light-
saturated electron transport rate which would be observed if 
photoinhibition was absent. 

Platt et al. (1980) have introduced the “Photoinhibition Index” 
(Ib) to quantify photoinhibition. The authors define Ib as the 
PAR value required to photoinhibit ETRmPot by the factor of 1/e 
according to: 
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With the results from curve fitting, WinControl-3 computes the 
ETRmax and IK according to: 










)()(max 



 mPotETRETR   and  


m

K

ETR
I    . 

29 



Chapter 5 Saturation Pulse Analysis 

REG2 

The function REG2 is monotonically nondecreasing and, 
hence, does not allow for photoinhibition: 

)tanh(
m

m ETR

PPFD
ETRETR






Here, the cardinal points, α and ETRmax, are estimated by the 
fitting procedure. With the latter two parameters, the IK is calcu-
lated as described for REG1. 
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6 Hints 

6.1 Instrument Settings 

Instrument settings are adjusted at the factory for optimum 
performance of the MINI-PAM-II. For example, LED currents 
have been adjusted to meet target PAR values for the measur-
ing setup exiting in the 60° distance clip or the 2035-B leaf clip 
(Fig. 3 and Fig. 5). For a different geometry, the internal PAR 
sensor requires recalibration to correctly measure internal ac-
tinic light (see Fig. 32, page 71). Estimation of PAR according 
to Fig. 4 (page 13) is rather inaccurate. 

Also, the fluorescence offset (F-Offset) of your system has 
been measured and was saved on the MINI-PAM-II memory. 
That means that the MINI-PAM-II should show a fluorescence 
value close to zero with the fiber fully inserted and in the ab-
sence of a sample. If this signal deviates clearly from zero, 
newly adjust F-Offset (see Fig. 22, page 58ff). 

6.2 Default settings 

For fluorescence measurements with most healthy green 
leaves, default settings for measuring light and saturation 
pulses are well suited. Some samples, however, require spe-
cial settings. The following sections will provide some hints to 
adjust settings properly. 
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6.3 F0 Fluorescence 

Usually, measuring light intensity is adjusted to reach F0 fluo-
rescence levels around 500 mV (for a definition of F0 see Sec-
tion 5.1.1, page 20). Theoretically, the F0 should stay below 
640 mV. The latter upper value is derived from the assumption 
that the maximum FV/FM of any sample is 0.84 und from the 
fact that signal saturation occurs at 4000 mV (see equation be-
low, Table 4). If required, measuring light can be adjusted (Fig. 
22, page 58ff). 

Table 4: Maximum F0 of a Dark-acclimated Leaf 
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F (FM)Max, maximum possible FM value = 
4000. 

(F0)MAX, unknown maximum F0 value 
(the FM associated with this F0, or with 
smaller F0, is not saturating). 

(FV/FM)Max, assumed maximum possible 
PS II photochemical yield. 

At low signal levels, signal height can be increased by increas-
ing measuring light intensity. At too high intensities, the meas-
uring light might drive photosynthesis to some degree. There-
fore, test if switching on measuring light results in a stable sig-
nal or if any signal increase occurs. In the latter case, average 
measuring light intensity must be decreased either by reducing 
the amplitude of measuring light (measuring light intensity) or 
by reducing measuring light frequency or both. 
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6.4 FM Fluorescence 

The FM and FM’ levels are determined as the maximum of the 
fluorescence signal induced by a saturation pulse. Factory set-
tings of saturation pulse width and intensity are adjusted to ar-
rive at a plateau with normal green leaves (Fig. 7A). Some 
samples (for instance, high light grown leaves) do not reach a 
plateau with standards settings (Fig. 7B). In this case, satura-
tion pulse intensity or/and length should be increased. Also, 
fluorescence kinetics can reach its maximum clearly before 
end of the saturation pulse (Fig. 7C). The latter does not result 
in erroneous FM or FM’ values because these values corre-
spond to the maximum of fluorescence kinetics. In case of Fig. 
7C, saturation pulse intensity or/and length might be in-
creased. 

Some samples, particularly low light grown or senescing 
plants, exhibit with standard settings somewhat decreased 
FV/FM values but show normal fluorescence kinetics. These 
samples increase the FV/FM with decreasing saturation pulse 
intensity. Therefore, testing the FV/FM at saturation pulse in-
tensities also below and above standard settings is important 
to optimize your saturation pulse settings. 

Fig. 7: Fluorescence Kinetics induced by a Saturation Pulse. 
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6.5 Fluorescence Signal Noise 

Check if fluctuating light sources (fluorescent tubes, computer 
screens) affect fluorescence. 

Exclude that automatic scaling of Y axis after very low Y(II) 
has extremely amplified the fluorescence signal. 

6.6 System Stops Responding 

Disconnect line power and remove batteries. Power on again 



Touchscreen Operation Chapter 7 

7 Touchscreen Operation 

Touchscreen operation of the MINI-PAM-II allows saturation 
pulse analysis of photosynthesis independent from a 
computer. Using the touchscreen, single FV/FM or Y(II) 
measurements as well as more complex experiments 
like induction and light curves are feasible. Continuous 
recording of steady state fluorescence, however, requires 
operation of the MINI-PAM-II by WinControl-3 running on 
an external computer. 

7.1 Calibration 

The MINI-PAM-II can be operated autonomously using its 
resistive touchscreen. The touchscreen is factory-calibrated to 
match its two dimensional response with the LED screen 

+ + 

Touch Screen Calibration  1 (2, 3, 4) 

+ +

To invoke the calibration win-
dow, start MINI-PAM-II with 
finger pressed on touchscreen. 
To calibrate, use pointed but 
not edged tool like a wooden 
toothpick. Touch target point 
(+) at bottom right corner. 

Consecutively, three more tar-
get points have to be touched. 
Finally, a message “Press 
anywhere to continue” indi-
cates end of calibration. 

Fig. 8: Touch Screen Calibration 
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underneath. If touch operation is imprecise, calibration can be 
performed as described in Fig. 8, page 37. 

7.2 Top Level Windows 

The MINI-PAM-II provides various windows for control and 
data display. Frequently used commands, fluorescence data 
and the actinic light list (PAR list) are presented in nine top 
level windows (Table 5, page 38). 

Accessible from all top level windows is the Main Menu and its 
submenus which allow adjusting settings of the MINI-PAM-II 

Table 5: Overview of Top Level Windows 

Window Content

1. Basic Data Minimum data set and basic action keys for 
filed operation. 

2. Primary Data Data of last saturation pulse analysis and 
current levels of fluorescence and addi-
tional measured parameters. 

3. Quenching Analysis Fluorescence levels of last saturation pulse
analysis and corresponding fluorescence 
ratios (Y(II), FV/FM, …). 

4. Ft-Chart Trace of fluorescence, total x axis interval: 
25 or 125 s (see Fig. 38, page 77). 

5. Actinic + Yield Short illumination program with saturation 
pulse analysis. 

6. Induction Curve Graphics of saturation pulse analysis of 
current curve. 

7. Light Curve Graphics of saturation pulse analysis of 
current light response curve. 

8. Recovery Curve Recovery graphics after induction curve 
and light response curve. 

9. Actinic Light List Set values of photosynthetically active ra-
diation PAR in µmol m-2 s-1. 
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and its peripherals (page 55ff). 

Generally, all top level windows correspond of “main panel” 
and “side panel” (Fig. 9, page 39). The top line of the main 
panel displays window title and a capital letter which is added 
as a mark to each saturation pulse analysis. 

The bottom of the main panel provides various action keys. 
Depending on window, these action keys trigger saturation 
pulse analysis, control light conditions or affect graphic dis-
play. The “Information Line” at the bottom edge of the main 
panel shows current date and time. 

The side panel provides arrow keys to switch windows, control 

keys for fluorometer functions, and a ( MENU ) key to access 

the main menu. Control keys are different between windows. 
For instance, the uppermost button in the sidebar triggers 

Main Panel Side Panel

Window Title M 

Data, Graph 

Action Keys 

Information Line 

SAT 
START

CAL 
Navig-
ation 
MENU 
Act.L. 
START
MEM 

Side Panel 

The panel provides a but-
ton for saturation pulses 
(SAT) which is in some 
windows replaced by a 
start/stop button for 
automated experiments 
or by a CAL button to 
start PAR calibration. 
Also, navigation keys, a 
“MENU” key and action 
keys are located on the 
side panel. 

Main Panel 

From top to bottom: Window title and currently selected character to mark meas-
urements, numerical and/or graphical data, action keys and information line. Action 
keys are absent or differently arranged in some windows. The information line dis-
plays date + time or PAM activity or informs on critical fluorometer states. 

Fig. 9: Principal Screen Layout of Top Level Windows 
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saturation pulse analyses in case of the first three top level 
windows (cf. Table 5, page 38) but the same button starts 
automated experiments in windows Actinic + Yield, Induction 
Curve, Light Curve and Recovery Curve. 

Sections 7.2.1 to 7.2.9 will introduce all nine top level windows 
in detail. 

7.2.1 Basic Data 

The Basic Data window (Fig. 10, page 41) displays a reduced 
set of four data which allows fast sampling under field condi-
tions. Of these data, the Ft and PAR represent current meas-
urements but the Y(II), or FV/FM, and the ETR are derived from 
the last saturation pulse analysis. 

The bottom edge of the Basic Data window provides keys for 

frequently used commands: the command  Rec  starts a new 

data set (Record),  Fo,Fm  determines maximum PS II photo-

chemical yield,  Clock  starts repetitive triggering of saturation 

pulses or an automated experimental routine, and  Mark  

opens the window “New Marker” in which the letter saved with 
each saturation pulse analysis (“mark”) can be defined. 

To determine the marker letter, use up and down keys in the 
window “New Marker”. The currently selected letter is shown 

on the top edge of the window. Touching  SET  key confirms 

current selection and returns to the Basic Data window. 
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Basic Data A

Ft 387
PAR (int) 344
Y(II) 0.138
ETR 19.9
Rec Fo,Fm Clock Mark

2013-10-31 8:20:09

SAT 



MENU 

Act.L. 

Side Panel 

SAT, trigger saturating pulse 
to determine Y(II). 

, go to next window (Pri-
mary Data). 

MENU, go to Main Menu. 

Act.L., actinic light switch. 

Main Panel 

Ft, current fluorescence value (mV). 

PAR (int), PAR value (µmol·m-2·s-1) 
from internal PAR sensor; PAR (ext) is 
displayed if an external sensor is active. 

Y(II), effective photochemical quantum 
yield of PS II; FV/FM is displayed after 
touching  Fo,Fm . 

ETR, (relative) electron transport rate 
(µmol e-·m-2·s-1). 

 Rec ,  Fo,Fm ,  Clock ,  Mark : Keys 
to start a new data section (Record), to 
trigger a saturation pulse for F0 and FM 
determinations, to start repetitive trig-
gering of an event, and marker of data. 

Touch  Mark  open the window below 

Change Marker A 

2013-10-31 8:20:09 





SET 

Side Panel 

, go to previous character 
in alphabet. 

, go to next character in 
alphabet. 

SET, accept current letter and 
return to Basic Data. 

Fig. 10: Basic Data and Change Marker 

41 



Chapter 7  Touchscreen Operation 

The side panel of the Basic Data window offers four com-

mands: the  SAT  key determines effective PS II photochemi-

cal yield, and the  Act.L.  represents a switch for actinic light. 

The  MENU  key leads to the Main Menu window as in all 

other top level windows. Finally, a downward arrow key 
switches to the next window. Two arrow keys (up and down) 
are present in all other top level windows except the last (Ac-
tinic Light List; Table 5, page 38) which requires only the up-
ward key. 

Commend on  Rec  (New Record) 

Starting a new Record disconnects current saturation pulse 

analysis from previous ones. Hence, the  SAT  command in a 

Record without preceding F0 and FM determinations will only 
yield data of Y(II), qP, and qL. Further, the latter two parameter 
will not be available if the Fo’ Mode is inactive and F0’ needs to 
be calculated. On the other hand, all fluorescence ratio pa-
rameters requiring F0 and FM data will be calculation if F0 and 
FM data determinations have been carried out prior to the cur-

rent  SAT  command. Such calculations, however, are only 

valid for  Fo,Fm  and  SAT  analysis with the same sample. 

7.2.2 Primary Data 

The central feature of the Primary Data window is a monitoring 
graph displaying the fluorescence trace during and right after 
the last saturation pulse. 

In addition, the window repeats the data of the previous one 
(Ft, FV/FM or Y(II), ETR, PAR). New information of the Primary 

Data window is the F0 and FM signal levels (after  Fo,Fm  was 

pressed) or the F and FM’ signal levels (after  SAT  was 
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pressed). Additionally, temperature, °C (Temp) and relative 
humidity, % (Hum) as measured by the MINI-PAM-II leaf clip 
(2035-B) are displayed. Also, data from an optional optode 
oxygen sensor (O2) and two more auxiliary sensors (Aux1 and 
Aux2) can be displayed.  

Primary Data A 
Ft 583
F 1289
Fm’ 1590
Y(II) 0.184
ETR 32.5
PAR 420 O2 - 
Temp - Aux1 - 
Hum - Aux2 - 
Rec Fo,Fm Clock Mark 

2013-10-31 8:20:09

SAT 





MENU

Act.L.

Side Panel 

Same as Basic Data win-
dow (Fig. 10, page 41) plus 
upward arrow key. 

Main Panel 

Ft,  current fluorescence level 

Displayed after  Fo,Fm : Fo, Fm, and 

Fv/Fm; minimum and maximum fluores-
cence levels of dark-acclimated sample, 
maximum photochemical PS II yield. Dis-

played after  SAT : F, Fm’, and Y(II); fluo-

rescence level just before saturation pulse 
and maximum fluorescence of light-
exposed sample, effective photochemical 
quantum yield of PS II 

Insert, fluorescence trace during last 
saturation pulse. 

PAR, Temp, and Hum, photosyn-
thetic active radiation in µmol·m-2·s-1 
and temperature in °C, respectively. 

O2, Aux1, Aux2, data measured by 
optional oxygen, humidity and other 
sensors. 

 Rec ,  Fo,Fm ,  Clock ,  Mark : see 

Fig. 10, page 41. 

Fig. 11: Primary Data 
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7.2.3 Quenching Analysis 

The window provides a complete overview on fluorescence 
levels and fluorescence ratio quotients calculated by the MINI-
PAM-II or WinControl-3. Data line 2 to data line 4, compare 
data of the light exposed sample (left) with data of the dark-
acclimated sample (right). 

Quenching Analysis A 
F 919 
Fm’ 1250 Fm 2965
Fo’ ~454 Fo 575
Y(II) 0.265 Fv/Fm 0.806
Y(NPQ) 0.425 qP 0.416
Y(NO) 0.310 qL 0.206
NPQ 1.372 qN 0.667

Rec Fo,Fm Clock Mark 
2013-10-31 8:20:09 

SAT 





MENU 

Act.L. 

Side Panel 

Same as Basic Data win-
dow (Fig. 10, page 41) 
plus upward arrow key. 

Main Panel 

Numerical data: see Fig. 6, page 19 and Table 2, page 25. 

  Rec ,  Fo,Fm ,  Clock ,  Mark : see Fig. 10, page 41. 

Fig. 12: Quenching Analysis 

7.2.4 Ft-Chart 

The Ft-Chart displays a 25 or 125 s interval of Ft where the 
rightmost level of the graph corresponds to the current Ft 
value. The X axis interval can be adjusted in the menu “MINI-
PAM-II Settings (Fig. 38, page 77). 
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Continuous Ft values are not saved when the MINI-PAM-II is 
operated independently. Recording of Ft requires operation of 
the MINI-PAM-II by WinControl-3. 

Ft-Chart Ft: 2645 A

M.L. Act.L F.R. Ext. 
2013-10-31 8:20:09

SAT 




MENU

STOP

Side Panel 

Same as above but 

 Act.L.  replaced by 

 STOP/RUN . 

Main Panel 

Graph. Trace of current fluorescence 
measurement. Total X axis: 25 or 125 s: 
see Fig. 38, page 77. 

M.L ,  Act.L  ,  F.R.  ,  Ext. . On/off
switches for measuring light, actinic
light, far red light and external (syn-
chronized) light source, respectively.

Fig. 13: Ft Chart 

7.2.5 Actinic + Yield 

The “Actinic + Yield” window is the first of four windows de-
signed for starting and monitoring automated measuring rou-
tines. The parameters of the Actinic + Yield routine can be set 
in the menu “Program/Clock” (Fig. 26, page 65). 
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The routine illuminates a sample with actinic light of a defined 
period. Depending on settings, saturation pulse analysis is car-
ried out prior and after actinic light exposure, or only after ac-
tinic light exposure. 

Because, the Actinic + Yield experiment is rather short, it is 
frequently employed when high light response of photosynthe-
sis needs to be compared for many samples. 

Actinic + Yield A
SAT #1 SAT #2

F 571 1293 
Fm’ 2065 1356 
PAR 0 856 
Y(II) 0.723 0.046 
ETR 0.0 16.5 

2013-10-31 8:20:09 

START





MENU

Side Panel 

START. Start Actinic + Yield 
routine. 

Previous window (Ft-
Chart). 

Next window (Induction 
Curve). 

MENU. Go to Main Menu. 

Main Panel 

SAT #1, SAT #2. Column for data of 
first and second saturation pulse analy-
sis, respectively. 

F, Fm’. Fluorescence level before and 
at saturation pulse. For dark-acclimated 
samples: F=F0 and FM’=FM. 

Y(II). Effective photochemical quantum 
yield of PS II (FV/FM of dark-acclimated 
samples). 

PAR, ETR. Photosynthetically active ra-
diation (µmol·photons m-2·s-1), electron 
transport rate (µmol·electrons m-2·s-1). 

Fig. 14: Actinic + Yield 
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7.2.6 Induction Curve 

As its name implies, this window permits starting and aborting 
fluorescence induction curves (Fig. 15, page 48). The graphics 
panel provides a qualitative picture of induction curve proper-
ties. Because of the given screen resolution, it is difficult to 
quantitatively evaluate graphical data. Therefore, the Induction 
Curve window also provides numerical data of fluorescence 
ratio parameters and fluorescence levels. 

These numerical data appear in response to touching the 
graphics panel. Navigation keys permit passing from one satu-
ration pulse analysis to another. The position in the induction 
curve of the current set of numerical data is indicated by a 
grey vertical line. 

The parameters of an induction curve experiment like number 
of saturation pulse analyses and interval between them can be 
adjusted in the menu “Induction Curve Settings” (Fig. 29, page 
68) which is available over the Program/Clock line of the Main
Menu (Fig. 19, page 55). In the “Induction Curve Settings”
menu, a fluorescence recovery experiment (in the absence of
actinic illumination) can be placed right after an induction
curve.

The  MEM  of the Induction Curve window opens the “Induc-

tion Curve Memory” window. In this window, the navigation 
keys permit scrolling through stored induction curves. 
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Induction Curve A 

 Fm, F  Yii  Ynpq  Yno 

2013-10-31 8:20:09

START




MENU 

MEM 

Side Panel 

START/STOP. Switch to 
start or stop fluorescence 
induction curve. 

,  .Go to previous, 
next window. 

MENU. Go to Main Menu. 

MEM. Open “Induction 
Curve Memory”, view saved 
induction curves. 

Main Panel 

Graphics panel and buttons   Fm, F ,  Yii ,  Ynpq ,  Yno  to control display of data 
(FM,FM’ plus F, Y(II), Y(NPQ) and Y(NO)). The Y(NPQ) and Y(NO) can be ex-
changed by parameters NPQ and qL in the menu Program/Clock Settings (Fig. 26, 
page 65). 

Touch  graphics panel  open/close the window below. 

Induction Curve A

 Y(II) 0.515 t 0:20
 Y(NPQ) 0.385   F 476
 Y(NO) 0.100  Fm’ 1088

START

 
 

MENU

MEM 

Side Panel 

As above except arrow 
keys 

, . Go to previous,
next saturation pulse
analysis (current position is
marked by vertical line).

Main Panel 

Numerical values of fluorescence ratio parameters and fluorescence levels. 

Fig. 15: Induction Curve 
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7.2.7 Light Curve 

In analogy to the previous window (Induction Curve), the “Light 
Curve” window provides buttons to start and stop light curves 
and to survey them (Fig. 16, page 50). Also, the Light Curve 
window provides numerical data of saturation pulse analysis 
which can be accessed by touching the graphics panel. Navi-
gation between different saturation pulses analyses and selec-
tion of displayed data works as described for the previous win-
dow (Induction Curve). 

Light curve parameters (number and duration of light steps, 
initial PAR, and recovery curve) can be adjusted in the menu 
“Induction Curve Settings” (Fig. 30, page 69). Touching the 

 MEM  button and scrolling using the arrow keys on the side 

bar permits viewing stored light curves. 
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Light Curve A 

 Yii  ETR  Ynpq Yno 

2013-10-31 8:20:09 

START 




MENU 

MEM 

Side Panel 

START/STOP. Switch to 
start or stop light curve. 

,  .Go to previous, 
next window. 

MENU. Go to Main Menu. 

MEM. Open “Light Curve 
Memory”, view saved light 
curves. 

Main Panel 

Graphics panel and buttons   Yii ,  ETR ,  Ynpq ,  Yno  to control display of 

data (Y(II), ETR, Y(NPQ) and Y(NO)). The Y(NPQ) and Y(NO) can be ex-
changed by parameters NPQ and qL in the menu Program/Clock Settings (Fig. 
26, page 65). 

Touch  graphics panel  open/close the window below. 

Light Curve A

 Y(II) 0.51 PAR 191
 ETR 41.0  F 476
 Y(NPQ) 0.39  Fm’ 1023
 Y(NO) 0.10

START 

 
 

MENU 

MEM 

Side Panel 

As above except arrow 
keys 

, . Go to previous,
next saturation pulse
analysis (current position
is marked by vertical line).

Main Panel 

Numerical values of fluorescence ratio parameters and fluorescence levels. 

Fig. 16: Light Curve 
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7.2.8 Recovery 

Often, fluorescence recovery experiments are automatically 
appended to an induction or a light curve (cf. 7.2.6 and 7.2.7). 
In these cases, the recovery curves are started automatically. 
Otherwise, recovery curves can be initiated (and cancelled) 

manually using the  START/STOP  button on the side panel of 

the Recovery window (see Fig. 17, page 52). 

As in previous Induction and Light 
Curve windows, recovery data are 
represented graphically and nu-
merically. The time course of re-
covery curves is determined: each 
curve last 39 min during which 7 
saturation analysis are carried out. 
In case of a preceding induction or 
light curve, the last saturation 
pulse analysis of the induction or 
light curve corresponds to the first 
one of recovery. The interval between neighboring saturation 
pulse analysis roughly doubles with time (Table 6). 

Table 6: Time Sequence of 
Saturation Pulse Analyses in a 
Recovery Curve 
SAT number Time in darkness, 

min 
1 0.00
2 0:30
3 1:30
4 4:00
5 9:00
6 19:00
7 39:00

In the Recovery window, the  MEM  button opens the window 

“Recovery Memory” in which all recovery kinetics can be 
viewed independent if they are connected to an induction or 
light curve or if they represent separate experiments. 
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Recovery A

  F, Fm Yii  Ynpq  Yno

2013-10-31 8:20:09

START




MENU

MEM 

Side Panel 

START/STOP. Switch to start 
or stop recovery curve. 

,  .Go to previous, 
next window. 

MENU. Go to Main Menu. 

MEM. Open “Recovery Mem-
ory”, view saved light curves. 

Main Panel 

Graphics panel and control buttons as described in Fig. 15, page 48.. 

Touch  graphics panel  open/close the window below. 

Recovery A

 t 0:2
 Y(II) 0.51  Fv/Fm 0.7
 Y(NPQ) 0.39  Fm’ 10
 Y(NO) 0.10   F 47

START

 
 

MENU

MEM 

Side Panel 

As above except arrow keys 

, . Go to previous, next
saturation pulse analysis
(current position is marked by
vertical line).

Main Panel 

Numerical values of fluorescence ratio parameters and fluorescence levels. 

Fig. 17: Recovery 
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7.2.9 Actinic Light List 

The window “Actinic Light List” contains the target PAR values 
(µmol m-2 s-1) at sample level of the MINI-PAM-II actinic light 
(Fig. 18, page 53). These target values increase roughly ex-
ponentially with intensity settings. The entire set of target val-
ues can be multiplied by the internal actinic factor (“Int. Act. 
Factor, Fig. 23, page 62). 

In the factory, LED emission is adjusted so that the target PAR 
values apply for the sample level of the 2035-B leaf clip pro-
vided that the MINI-PAM-II fiber optics is fully inserted in its 
port (i.e. distance fiber optics tip to sample level: 7 mm; angle 
between end piece of fiber optics and sample level: 60°). 

Also, the MINI-PAM-II posses an internal light sensor which 
receives a small and constant amount of actinic light. This in-

Actinic Light List A 
1: 25 7: 285 
2: 45 8: 420 
3: 65 9: 625 
4: 90 10: 820 
5: 125 11: 115
6: 190 12: 150

2013-10-31 8:20:09 

CAL 



MENU

Side Panel 

CAL. Calibrate Actinic 
Light List. 

Go to previous win-
dow. 

MENU, go to Main 
Menu. 

Main Panel 

PAR target values (µmol m-2 s-1) of the 12 settings for actinic light intensity. 
The PAR target values are valid for an actinic light factor of 1.00 (see menu “Light 
Sources” Fig. 23, page 62). 

Fig. 18: Actinic Light List 
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ternal sensor is factory calibrated to give correct PAR values 
for the sample level of the 2035-B leaf clip with fiber optics 
fully inserted. 

Neither factory PAR values nor internal sensor calibration by 
the factory applies for different geometries or for fiber optics 
with impaired light transmission. 

CAL 

The  CAL  command of the Actinic Light List window adjusts 

LED emission so that effective PAR values match target PAR 

values. Hence,  CAL  can adjust actinic LED performance to 

sample positions different from 2035-B leaf clip geometry, and 

further,  CAL  considers the particular properties of the MINI-

PAM-II light path, e.g. fiber with reduced transmittance. 

CAL procedure – step 1. Calibrate internal PAR sensor. 

For a defined geometrical situation, the internal sensor must 
be calibrated by comparison with an external calibrated PAR 
sensor. 

Using a PAR sensor not connected to the MINI-PAM-II, cali-
bration of internal sensor must be carried out manually. To this 
end, place external PAR sensor at sample level, switch actinic 
light on, and adjust in window “Int. PAR Sensor Settings” (Fig. 
32, page 71) the “Calibration Factor” until internal PAR readout 
matches that of the external sensor. 

If the PAR sensor feeds its data in the MINI-PAM-II (e.g. PAR 
sensor of 2035-B leaf clip), the internal PAR sensor can be 
calibrated automatically. To do so, select “Calibrate” in window 
“Int. PAR Sensor Settings” and start automatic adjustment of 
calibration factor. 
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CAL procedure – step 2. Adjust LED emission. 

Using readings from the internal PAR sensor, LED perform-
ance is regulated to yield target PAR values. 

7.3 Main Menu 

The “Main Menu” (Fig. 19, page 55) forms the central hub to 
access settings, calibration data, hardware information and the 
memory of the MINI-PAM-II. The Main Menu consists of eight 
items (Fig. 19, page 55). Selection of lines in the Main Manu is 
achieved by the arrow keys of the side panel or by directly 
touching a menu line. Most of these items lead to submenus 
that itself link to lower-level menus. The complex architecture 
of the Main Menu and its submenus is outlined in Fig. 20 and 
Fig. 21 (pages 56 and 57). 

Main Menu A 
PAM Settings  
Light Sources  
Program/Clock  
Sensors  
Aux Control  
MINI-PAM-II Settings  
Memory  
Info  





SET 

EXIT

Side Panel 

,  . Up/down 
keys move curser. 

SET. Open submenu of 
selected line. 

EXIT. Return to previous 
(top level) window. 

Fig. 19: Main Menu 

55 



Chapter 7  Touchscreen Operation 

Fig. 20: Main Menu and its Submenus (Part A) 
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Fig. 21: Main Menu and its Submenus (Part B) 
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7.3.1 PAM Settings 

“PAM Settings” include adjustments of the way how the MINI-
PAM-II acquires PAM fluorescence. Specifically, the menu 
contains seven selectable items (Fig. 22, page 58) but also 
display the current Ft value and the currently active offset 
which is automatically subtracted from the raw signal to obtain 
Ft. 

Meas. Light 

On/Off switch for measuring light (weak excitation light consist-
ing of µs pulses). Measuring light can be switched by selecting 

“Meas. Light” and touching  SET . Independent of the selected 

line in the menu, the  OFF/ON  key turns measuring light off or 

on. 

Meas. Light Sett. 

This command opens the menu “Measuring Light Settings” in 
which measuring light intensity (Meas. Light Int.) can be se-

PAM Settings A
Meas. Light On

Meas. Light Sett. 

Gain 1

Damping 2

ETR-Factor 0.84

Fo’ Mode On

Adjust F-Offset 

Ft 421
Current F-Offset 70

OFF 





SET 

EXIT 

Side Panel 

ON/OFF. Switch for 
measuring light.

,  . Up/down 
keys move curser. 

SET. Open submenu 
() or select parameter,
change parameter value 
by up/down keys. 

EXIT. Return to Main 
Menu. 

Fig. 22: PAM Settings 
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lected by the  SET  key and then adjusted using the arrow 

keys. At constant frequency, measuring light intensity can be 
considered as is proportional to intensity settings 1 to 12. 

The two remaining items of the menu “Measuring Light Set-
tings” concern measuring light frequency. Selecting line 

“Meas. Light. Freq.” by  SET  allows choosing between 5 fre-

quency levels using arrow keys. 
Table 7, page 59, lists the measur-
ing light frequencies of settings 1 
to 5. 

The highest measuring light fre-
quency of 100 Hz can be activated 

by selecting by the  SET  key the 

third line in the menu (ML-F High). 
The ML-F High command over-
rules settings made under “Meas. Light. Freq.” High measuring 
light frequency improves signal quality but bears the risk that 
its higher intensity drives photosynthesis, that is, the measur-
ing light becomes actinic. In this case, F0 measurements may 
be too high. Generally, measuring light frequency is automati-
cally switched to high during a saturation pulse, that is, fore FM 
and FM’ determinations. Measuring light frequency does not af-
fect the frequency of continuous acquisition of Ft by the Win-
Control-3 software. 

Table 7: Measuring Light Fre-
quencies

Setting Frequency, Hz 
1 5
2 10
3 15
4 20
5 25

high 100

The average PAR of measuring light at highest frequency and 
highest intensity setting was measured to be 0.75 µmol m-2 s-1 
by the PAR sensor of the 2035-B leaf clip and MINI-PAM-II fi-
ber in the fully inserted position. For the same geometrical ar-
rangement, average measuring light intensities can be esti-
mated using subsequent equation: 
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12

..

)(100

)(
)(75.0)( 22

SettInt

Hz

Hzf

sm

µmol

sm

µmol
IML 






where IML, f and Int. Sett. is the current measuring light inten-
sity in µmol m-2 s-1, the current measuring light frequency, and 
the current intensity setting for measuring light, respectively. 

Gain 

Selecting “Gain” by the  SET  gives access to four electronic 

amplification factors (1 to 4) which can be adjusted by the ar-
row keys. 

Damping 

Damping is a software-based filter that specifically suppresses 
high frequency noise and, thus, can improve signal quality. 
Changing damping settings uses the same principle as de-
scribed for “Gain”. Default setting for damping is 2 (two). 
Changing damping to higher values can make the MINI-PAM-II 
response slow. In the worst case, slow response prevents that 
the fluorescence signal reaches the FM or FM’ plateau during a 
saturation pulse. Therefore, changes in damping should be 
made very careful and only by experienced researchers. 

ETR-Factor 

This factor is used for ETR calculations and corresponds to 
the fraction of incident PAR absorbed by a leaf; its default 
value is 0.84 (cf. Section 5.3, page 27). 

Fo’ Mode 
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The “Fo’ Mode” replaces after saturation pulses actinic by far 
red light to quickly open PS II reaction centers (cf. Section 
5.1.2, page 20). The measured F0’ is the minimum Ft during 
far red illumination. Interval and intensity of far red illumination 
can be adjusted in menu “Light Sources” (Fig. 23, page 62). 
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Adjust F-Offset 

The “Adjust F-Offset” command determines the background 
signal for subtraction from the total signal. Background signals 
must possess the modulation characteristics of measuring light 
to be recognized by a PAM fluorometer. These signals can 
arise from: 

• Fluorescence from suspension media or detector filter ex-
cited by measuring light.

• Traces of modulated excitation light transmitted by the de-
tector filter.

• Non-optical modulated "electronic noise".

Usually, the background signal increases with measuring light 
intensity and signal amplification (gain). Therefore, the Adjust 
F-Offset command determines the background signal for all
measuring light intensities and all gain settings. The currently
active offset is displayed in the bottom line of the PAM Set-
tings window (Fig. 22, page 58).

Procedure 

- Choose dim environment.

- Switch off any flickering light sources like fluorescent
lamps or computer screens.

- Point fiber tip away from any objects, keep fiber tip clear.

- Run “Adjust F-Offset”
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7.3.2 Light Sources 

Int. Actinic 

On/off switch for actinic light. 

Int. Actinic Int. 

Intensity regulation for actinic light. Select menu item by  SET  

and choose setting using arrow keys. Settings 1 to 12 are 
available. PAR information of settings is shown in window “Ac-
tinic Light List” (Fig. 18, line 53). 

Int. Actinic Factor 

Factor multiplying target PAR values in window “Actinic Light 
List”. Factor rage is 0.5 to 2.0. 

Light Sources 

Int. Actinic on

Int. Actinic Int. 6

Int. Actinic Factor 1.00

Ext. Actinic On

Ext. Actinic Int. 10

Ext. Actinic Sett. 

Far Red off

Far Red Int. 10

Far Red Width, s 5
SAT Settings 

OFF 





SET 

EXIT 

Side Panel 

ON/OFF, actinic light 
switch. 

,  . Up/down 
keys move cursor. 

SET. Open submenu 
() or select setting. To
change parameter value,
use up/down keys.

EXIT. Return to Main 
Menu. 

Fig. 23: Light Sources 
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Ext. Actinic 

On/off switch for external actinic LED lamp. At date of print of 
the present manual, series production of the lamp has not 
been started. 

Ext. Actinic Int. 

Regulation of relative intensity (0.0 to 100.0%) of external ac-
tinic light. The relative intensity selected her multiplies the rela-
tive intensities of all four LED types (red, green, blue, white), 
e.g. if Ext. Actinic Int. = 10%, and Ext. Actinic Settings Red =
10% then the red light will be at 1% if its maximum capacity.

Ext. Actinic Sett. 

Use  SET  to enter submenu “Ext. Actinic Settings” (see be-

low). Each LED type is independently adjustable between 0 
and 100%. The effective relative intensity depends on setting 
external actinic intensity (Ext. Actinic Int.). 

External Actinic Settings 
LED Red (%) 10 
LED Green (%) 10 
LED Blue (%) 10 
LED White (%) 10 





SET 

EXIT 

Side Panel 

,  . Up/Down 
keys to move to a menu 
line. 

SET. Select setting, 
up/down keys change 
setting value. 

EXIT. Return to Light 
Sources menu. 

Fig. 24: External Actinic Settings 
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Far Red 

On/off switch for far red light. 

Far Red Int. 

Intensity regulation for far red light as described above for in-
ternal actinic light (Int. Actinic Int.). 

Far Red Width, s 

Select menu item by  SET  and use arrow keys to choose the 

far red illumination interval used for F0’ determinations (cf. 
Section 5.1.2, page 20). Intervals from 2 to 30 s at 1 s incre-
ments are available. 

SAT Settings 

Moving to “SAT Settings” and  SET  opens the submenu “SAT 

Pulse Settings” (see below) in which relative intensity (1 to 12) 
and duration (width, 0.2 to 2.0 s) of saturation pulses can be 
set. At sample level, at intensity setting 12 corresponds to 
6000 µmol m-2 s-1 under the geometrical conditions of a 2035-
B leaf clip (distance fiber optics tip to sample level: 7 mm; an-
gle between end piece of fiber optics and sample level: 60°). 

SAT Pulse Settings 
SAT Intensity 9
SAT Width (s) 0.6




SET 

EXIT 

Side Panel 

,  . Up/Down 
keys to move to a menu 
line. 

SET. Select setting, 
up/down keys change 
setting value. 

EXIT. Return to Light 
Sources menu. 

Fig. 25: SAT Pulse Settings 
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Saturation pulse intensity can be adjusted at increments of 
500 µmol m-2 s-1. 

7.3.3 Program/Clock Settings 

The menu “Program/Clock Settings (Fig. 26) provides all op-
tions to configure automated experimental routines including 
Actinic + Yield, Induction Curve and Light Curve experiments 
as well as repetitive triggering of single measurements and 
experimental protocols. 

Clock 

On/off switch of clock. The “Clock” triggers repetitively an 
event at a defined interval. The interval is specified in “Clock 
Interval” and the event in “Clock Item”. 

Clock Interval 

Adjust clock interval between 10 s and 60 min by moving to 

and then selecting “Clock Interval” (up/down keys and  SET , 

Program/Clock Settings 
Clock Off 
Clock Interval (mm:ss) 1:00 
Clock Item  
Actinic + Yield  
Induction Curve  
Light Curve  
Y(II), Y(NPQ), Y(NO) X 
Y(II), NPQ, qL 





SET 

EXIT 

Side Panel 

ON/OFF, actinic light 
switch. 

,  . Up/down 
keys move cursor. 

SET. Open submenu 
() or select setting. To
change parameter value,
use up/down keys.

EXIT. Return to Main 
Menu. 

Fig. 26: Program/Clock Settings 
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respectively) and adjusting time interval (up/down keys). 

Clock Item 

Saturation pulse analyses and the programs Actinic + Yield, 
Induction Curve and Light Curve can be repetitively performed 
under clock control. Also, recovery experiments can be per-
formed after induction and light curves (item Light Curve + R 
and Induction Curve + R, respectively). To select one of the six 
items in menu “Clock Item” (Fig. 27), move cursor to the item 

of interest and touch  SET . The selected item is then marked 

by an X (“SAT pulse is selected in Fig. 27). 

Clock Item 

SAT Pulse X

Actinic + Yield 

Light Curve 

Light Curve + R 

Induction Curve 

Induction Curve + R 





SET 

EXIT 

Side Panel 

,  . Up/Down 
keys to move to a menu 
line. 

SET. Open submenu 
() or adjust setting us-
ing the Up/Down keys. 

EXIT. Return to Main 
Menu. 

Fig. 27: Clock Item 

Actinic + Yield 

The behavior of the Actinic + Yield program is defined by two 
factors (Fig. 28, page 67): the duration (width) of actinic illumi-
nation (possible settings from 5 s to 5 min) and the option to 
start actinic illumination without preceding saturation pulse 
analysis (Initial pulse). Width of actinic illumination is adjusted 
as described above for clock interval and initial pulse is se-
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Actinic + Yield Settings 
Width (mm:ss) 2:00 
Initial Pulse On 

START




SET 

EXIT 

Side Panel 

START. Start Actinic 
light + Yield routine and 
switch to Actinic Light 
and Yield window (Fig. 
14, page 46). 

,  . Up/Down 
keys to move to a menu 
line. 

SET. Select item. 

Fig. 28: Actinic + Yield Settings 

lected by the  SET  command. Further, actinic light intensity is 

adjusted in the window “Light Sources” (Fig. 23, page 62). 

An Actinic + Yield routine can be started using the  START  

button on the side panel of Fig. 28. In this case, the screen 
display will automatically switch to the Actinic + Yield experi-
mental window (Fig. 14, page 46). 

Induction Curve 

Induction curve experiments are configured by the window “In-
duction Curve Settings” (Fig. 29, page 68). 

Delay (range 5 s to 10 min) defines the dark interval between 
saturation pulse analysis with the dark-acclimated sample (F0, 
FM determinations, Section 5.1.1, page 20) and beginning of 
actinic illumination. 

Width (range 5 s to 10 min) is the time interval between two 
successive saturation pulse analyses during illumination. 

Length is the number of saturation pulse analyses carried out 
during actinic illumination. Thus, the duration of actinic illumi-
nation is “Length – 1” times Width. 
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Add recovery appends a recovery curve to an induction curve 
(see Section 7.2.8, page 51 for information on recovery times). 

Light Curve 

Light Curves are defined in “Light Curve Settings” (Fig. 30, 
page 69). Properties of Width and Add Recovery are identical 
for light and induction curves. 

Intensity specifies the actinic intensity setting for the first light 
step (range 1 to 5, for PAR values see Fig. 18, page 53). 

Length is the number of light steps which can range from 2 to 
12. If length = 5 and intensity = 2, 5 light steps with intensity
settings 2, 3, 4, 5, and 6 will be performed. The time required
for a light curve results from Length times Width.

Induct. Curve Settings 
Delay (mm:ss) 1:00
Width (mm:ss) 0:30
No. of Y(II) Deter. 10
Add Recovery no

START




SET 

EXIT 

Side Panel 

START. Start induction 
curve experiment and 
switch to Induction 
Curve window (Fig. 15, 
page 48). 

,  . Up/down 
keys move cursor. 

SET. Selects item which 
then can be changed by 
arrow keys. 

Fig. 29: Induction Curve Settings 
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Light Curve Settings 
Width (mm:ss) 1:00 
Initial Intensity 3 
Length 8 
Add Recovery yes 

START




SET 

EXIT 

Side Panel 

START. Start light curve 
experiment and switch to 
Light Curve window (Fig. 
16, page 50). 

,  . Up/down 
keys move cursor. 

SET. Selects item which 
then can be changed by 
arrow keys. 

Fig. 30: Light Curve Settings 

Select (Y(II), Y(NPQ), Y(NO)) or (Y(II), NPQ, qL) 

The last two lines of the menu “Program/Clock Settings” affect 
graphical and numerical presentation of data in windows In-
duction Curve, Light Curve, and Recovery Curve. Specifically, 
selecting “Y(II), Y(NPQ) Y(NO)” displays three yield parame-
ters that are used in analyzing energy partitioning. Choosing 
Y(II), NPQ, and qL displays the classical NPQ parameter and 
a parameter for indicating the reduction state of PS II (qL). Se-
lection between lines works as described “Clock Item” (Fig. 27, 
page 66). See Table 2, page 25 for definitions of fluorescence 
parameters 
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7.3.4 Sensors 

 Selection of “Sensors” in the Main Menu opens the window 
“Sensor Settings” (Fig. 31). This window consists of four links 
leading submenus (distinguished by ) and the option to se-
lect for light measurements the MINI-PAM-II internal PAR sen-
sor or the external sensor of the 2035-B leaf clip (Use Ext. 
PAR/Use Int. PAR). The currently active sensor is marked by 
an X, to change selection, move curser to the other sensor 

and touch  SET . 

Sensor Settings 
Internal PAR 

Leaf Clip/Ext. PAR 

Use Ext. PAR 
Use Int. PAR X
Oxygen Sensor 

Load System Sett. 




SET 

EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

SET. Selects item which 
either open a submenu 
(lines with ) or select 
the PAR sensor (selec-
tion marked by X). 

EXIT. Return to Main 
Menu. 

Fig. 31: Sensor Settings 

7.3.4.1 Internal PAR 

Selecting “Internal PAR” opens the window “Internal PAR 
Sensor Settings” (Fig. 32, page 71). This window is dedicated 
to calibration of MINI-PAM-II internal PAR sensor. The window 
displays the current “Calibration Factor”, as well as the readout 
(µmol m-2 s-1) of internal and external PAR. Proper calibration 
of internal sensor is apparent from similar readouts of internal 
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and external PAR. If calibration of internal PAR sensor has 
previously been carried out but the two PAR values differ 
clearly, check if: 

(1) External PAR sensor is in the center of the actinic light
beam.

(2) Setup of previous calibration was different from the cur-
rent one. For instance, if in previous calibration the exter-
nal PAR sensor was 3 mm away from fiber tip and now
the 2035-B leaf clip geometry is used (7 mm instead of 3
mm distance) the internal PAR readout would be much
higher the external one.

(3) External PAR sensor not connected or incorrect PAR
channel selected in window “External PAR Setting” (Fig.
34, page 73).

To calibrate the internal PAR sensor using an independent ex-

ternal PAR sensor: adjust “Calibration Factor” manually ( SET  

and arrow keys) until internally measured PAR matches that of 
the extern sensor. 

To calibrate the internal PAR sensor using an external PAR 

Internal PAR Sensor Settings 
Calibration Factor 823 
Calibrate  
Internal PAR 415 
External PAR 417 




SET 

EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

SET. Selects item or 
open submenu Cali-
brate. 

EXIT. Return to Main 
Menu. 

Fig. 32: Internal PAR Sensor Settings 
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sensor connected to the MINI-PAM-II (PAR sensor of 2035-B 
leaf clip): go to “Calibrate” and establish calibration factor 
automatically. 

7.3.4.2 Leaf Clip/Ext. PAR 

Menu item “Leaf Clip/Ext. PAR” open another window (Leaf 
Clip/Ext. PAR Sett, Fig. 33, page 73) which provides two links: 

PAR opens a menu permitting selection of the active external 
PAR channel and to view and change PAR calibration data 
(External PAR Sensor Sett., Fig. 34, page 9). In the latter win-
dow, “Channel 1” corresponds to the PAR sensor of the 2035-
B leaf clip and Channel 2 corresponds to a sensor connected 
to the SMA socket on the side of the 2035-B leaf clip. For both 
channels, slope (Calib,) and offset of the calibration line are 
given. In the lowest line, the PAR readout of the active PAR 
sensor is shown. 

Leaf Clip/Ext. PAR Sett. 
PAR 

Temperature 




SET 

EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

SET. Open submenu. 

EXIT. Return to Sensor 
Settings menu. 

Fig. 33: Leaf Clip/External PAR Settings 
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On completion of this manual, series production of the Chan-
nel 2 PAR sensor has not yet started. 

External PAR Sensor Sett. 

Channel 1 X 

Channel 2 

Chan. 1 Offset 0 

Chan. 1 Calib. 169 

Chan. 2 Offset 0 

Chan. 2 Calib. 139 

External PAR 0 





SET 

EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

SET. Selects channel 
(selection marked by X) 
or calibration constant, 
change calibration con-
stant using up/down 
keys. 

EXIT. Return to Leaf 
Clip/Ext. PAR Settings. 

Fig. 34: External PAR Sensor Settings 
Temperature leads to the calibration data for the leaf tempera-
ture sensor of the 2035-B leaf clip (External Temp. Sensor 
Sett., Fig. 35, page 73). This window lists slope (Gain) and off-
set of the calibration line. Factory settings are Gain = 1.00, 
Offset = 0 

External Temp. Sensor Sett. 
Offset 0.0 
Gain 1.00 
External Temp. 21.6 


SET 

EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

SET. Select calibration 
constant; to change cali-
bration constant use 
up/down keys. 

EXIT. Return to Leaf 
Clip/Ext. PAR Settings. 

Fig. 35: External Temperature Sensor Settings 
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7.3.4.3 Oxygen Sensor 

The window “Oxygen Sensor Settings” is prepared for future 
connection of an optode sensor. 

Oxygen Sensor Settings 
Meas. Interval (s) 2
Blank Out LED on
Calibr. Temperature 

Calibr. Pressure 

Calibr. Salinity 

Calibrate 0% 

Calibrate 100% 

dPhi (deg) 




SET 

EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

SET. Select item. 

EXIT. Return to Main 
Menu. 

Fig. 36: Oxygen Sensor Settings 

7.3.4.4 Load System Settings 

“Load System Settings” restores settings like calibration factor 
of internal PAR sensor (calibrated for geometry of 2035-B leaf 
clip), measuring light current and calibration factors of external 
devices like those stored on the 2035-B leaf clip. “Load Sys-
tem Settings” must not be confused with “”Load Defaults” (Fig. 
38, page 77). 
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7.3.5 Aux Control 

This menu and its submenus are dedicated to control periph-
eral devices. Currently, the window leads to a submenu to 
control a stirrer and a menu that defines up to eight output sig-
nals. Currently these output signals are not configured. 

7.3.5.1 Stirrer Settings 

The stirrer menu has been prepared for PAM fluorometers op-
erating a stirrer to prevent particle settling in suspensions of 
chloroplasts or algae. A stirrer accessory for the MINI-PAM-II 
is available on demand. The items of the menu “Stirrer Set-
tings” are explained next. 

On/Off 

Main stirrer switch. 

Stirrer Settings 
On/Off off 
Speed (%) 10 
Pre-SAT Off (s) 10.0 
Reverse (s) 2.0 
Interval Mode off 
Interval (mm:ss) 2:00 
Stir Interval (s) 5.0 
Stir In Program on 




SET 

EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

SET. Switch function on 
or off, or mark stirring 
speed or time interval 
and change by arrow 
keys. 

EXIT. Return to Control 
Settings. 

Fig. 37: Stirrer Settings 
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Speed (%) 

Relative rotational speed. Range, 0 to 100%. 

Pre-SAT Off (s) 

Time interval before saturation pulse analysis during which 
stirring is stopped. Range, 0 to 60 s. 

Reverse (s) 

Time interval prior to “Pre-SAT Off” during which rotational di-
rection is inversed. Range, 0 to 10 s. 

Interval Mode 

In addition to switching off stirring before saturation pulses 
(see above), the interval mode can further confine periods of 
stirring. “Interval” is an interval mode parameter defining a re-
petitive period starting with stirring. The time of stirring at start 
of this interval is defined by the second parameter of interval 
mode which is “Stir Interval”. 

Saturation pulse analysis restarts the interval. For instance, if 
the clock interval is 5 min, the interval for stirring is 10 min and 
the stir interval is 1 min, stirring will be only in the first minute 
after saturation pulse analysis. 

Interval (mm:ss) 

Interval mode parameter: Repetitive interval starting with stir-
ring. Range, 0 to 120 min. 

Stir Interval (s) 

Interval mode parameter: Stirring period. Range, 0 to 60 min. 

Stir In Program 

Activates stirring during fluorescence induction and light curve 
routines. Saturation pulse analysis for these programs will start 
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stir intervals provided that interval mode is active. The com-
mand is only executed if stirring set to on at main stirrer switch 
(see above). 

7.3.6 MINI-PAM-II Settings 

The menu “MINI-PAM-II Settings” permits adjusting of fluoro-
meter settings, choosing between two time intervals for the Ft 
chart settings, and retrieving the default configuration for 
measurements. 

Ft Chart Resolution (s) 

Ft chart resolution can be either 0.2 or 1.0 s/dot corresponding 
to 25 or 125 s/total time axis. 

Auto Off (min) 

Time interval without saturation pulse analysis after which the 
MINI-PAM-II powers off. 

MINI-PAM-II Settings 
Ft Chart Resolution (s) 0.2 
Auto Off (min) 5 
Backlight (%) 30 
Signal LED on 
Beeper on 
Time/Date  
Load Defaults  




SET 

EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

SET. Change parameter 
by up/down keys, or 
switch function on/off, or 
open submenu (lines 
with ). 

EXIT. Return to Main 
Menu. 

Fig. 38: MINI-PAM Settings 
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Backlight (%) 

Percentage of maximum intensity of the panel’s backlight LED 
array. 

Signal LED 

On/off switch for LED on top of the MINI-PAM-II (green flash 
every 2 s, normal operation; green double flash every 2 s, 
clock-controlled operation; continuous light, saturation pulse 
analysis; green flash every 10 s, sleep mode). 

Beeper 

On/off switch for beeper which acoustically confirms key-
strokes and saturation pulse analysis. 

Time/Date 

Simple menu for setting time and date. 

Load Defaults 

The MINI-PAM-II keeps on internal memory the default set-
tings for the variables listed in Table 8, page 79, left and cen-
ter column; if settings of variables are saved when the MINI-
PAM-II is shut off, the variable line is marked by “Yes” in the 
column on the right (Table 8). “Yes” implies that these settings 
are restored on following the use of the MINI-PAM-II. 
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Table 8: Default Settings 

Default Setting Current Setting 
(saved and restored) 

Measuring Light 
Status On No
Intensity 6, relative unit Yes 
Frequency 3, see Table 7 Yes 
Frequency high 
status 

Off No

Actinic Light 
Status Off No
Intensity 6, relative unit Yes 
Factor 1.00 Yes

PAM Signal 
Gain 1, relative unit Yes 
Damping 2, relative unit Yes 

Far Red Light 
Width 5 5, s Yes 
Intensity 8, relative unit Yes 

Saturation Pulse 
Intensity 10, relative unit (≙	

5000 µmol m-2 s-1) 

Yes 

Width 0.6, s Yes

Program Actinic Light and Yield 
Actinic light width 30, s Yes 
Initial Pulse Yes Yes 

Program Induction Curve 
Delay 40, s Yes
Width 20, s Yes
Length 12 Yes

Program Light Curve  
Width 20, s Yes
Intensity 3, relative unit Yes 
Length 8, light steps Yes 

Clock 
Item Saturation pulse Yes
Interval 60, s Yes
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Table 8: Default Settings 

 Default Setting Current Setting 
(saved and restored) 

Hardware 
Signal LED status On Yes 
Beeper status On Yes 
Automatic power 
down 

15, min Yes 

Background light 60% Yes 

Graphics 
Ft chart time reso-
lution 

0.2, s/dot  Yes 

External Light 
Status Off No 
Total intensity 1% Yes 
Red LED 10% Yes 
Green LED 10% Yes 
Blue LED 10% Yes 
White LED 10% Yes 

Stirrer 
Status Off No 
Speed 10% Yes 
Pre-SAT off 10, s Yes 
Reverse 0, s Yes 
Interval mode Off Yes 
Interval 2, min Yes 
Stirring interval 5, s Yes 
Stir in program Off Yes 

F0’ Mode 
Status Off Yes 

PAR Sensor 
Status Internal No 

Mark 
Character A Yes 
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7.3.7 Memory 

The “Memory” window provides an overview on stored satura-
tion pulse analyses (Datasets). Importantly, here fluorescence 
kinetics induced by saturation pulses can be viewed. To see 

stored induction and light curves, use the  MEM  key of win-

dow “Induction Curve” (Fig. 15, page 48) and window “Light 
Curve” (Fig. 16, page 50), respectively. Also in this window, 
new records can be started and the mark of saturation pulse 
data can be changed. 

Memory 
Datasets  
New Record  
Mark A 
Record No. 68 
Measurement No. 185 




SET 

EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

SET. Open submenu 
(lines with ) or change 
mark by up/down keys. 

EXIT. Return to Main 
Menu. 

Fig. 39: Memory 
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7.3.8 Info 

“Info” (Fig. 40, page 82) consists of 4 links to submenus of 
which three list hardware and software information: 

- MINI-PAM-II provides hardware information of the fluoro-
meter.

- Sensors list serial numbers of sensors connected to the
MINI-PAM-II.

- Firmware shows serial number and date of the firmware of
the MINI-PAM-II.

The fourth link (Warnings) contains short messages in re-
sponse to irregular behavior of the MINI-PAM-II. 

Info 
MINI-PAM-II 

Sensors 

Firmware 

Warnings 




SET 

EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

SET. Open a submenu. 

EXIT. Return to Main 
Menu. 

Fig. 40: Info 
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7.3.8.1 MINI-PAM-II Info 

The window “MINI-PAM-II Info” displays the current “Battery 
Voltage” in units of V. If the current voltage drops below 7.0 V, 
batteries are discharged to a considerable part and a spare set 
of batteries should be kept ready for operation without line 
power. 

Further information available on this window is (1) Hardware 
Version, hardware design number. (2) S/N, serial number. (3) 
Battery (SAT), battery voltage (in V) during saturation pulse. 
(4) External DC, voltage (in V) provided by MINI PAM-II/N
power supply. (5) Current, present current consumption (in A)
by MINI-PAM-II. (6) Temp (LED), temperature (in °C) of actinic
LED.

MINI-PAM-II Info 
Hardware Version 1 
S/N PYAC0054 
Battery Voltage (V) 7.4 
Battery (SAT) (V) 6.8 
External DC (V) 11.9 
Current (A) 0.04 
Temp. LED (°C) 23.6 

Operation Time (h ) 15 
EXIT 

Side Panel 

,  . Up/down 
keys move cursor. 

EXIT. Return to Info. 

Fig. 41: MINI-PAM-II Info 



Chapter 8 Specifications 

8 Specifications MINI-PAM-II/B 

8.1 Basic System 

8.1.1 Optoelectronic Unit 

Measuring light: Blue (470 nm) LED, standard modulation fre-
quencies 5 to 25 Hz adjustable in increments of 5 Hz and 100 Hz, 
measuring light PAR at standard settings = 0.05 µmol m-2 s-1 

Actinic light: Same LED as for measuring light, maximum con-
tinuous PAR = 3000 µmol m-2 s-1, maximum PAR of saturation 
pulses = 6000 µmol m-2 s-1 

Far red light: Peak emission at 735 nm 

Signal detection: At λ>610 nm, PIN-photodiode protected by a 
long-pass and a dichroic filter 

Data memory: Flash memory, 8 MB, providing memory for more 
than 27000 saturation pulse analyses 

Display: Backlit 160x104 dots (78x61 mm) transflective B/W LCD 
display with resistive touchscreen 

Ports: Ports for fiberoptics, USB cable, external light source, 
2035-B leaf clip, auxiliaries and 12 V DC power supply 

Power supply: 6 AA (Mignon) rechargeable batteries (Eneloop 
1.2 V/2 Ah), providing power for up to 1000 yield measurements; 
6 spare batteries, automatic power/off, battery charger 
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000190101101 (100 to 240 V AC, 50-60 Hz, 0.35 A) for 1 to 8 
AA/AAA NI-MH/NI-CD batteries, 12 V 5,5 A power supply MINI 
PAM-II/N 

Operating temperature: 0 to +40 °C 

Dimensions: 17.2 cm x 11.2 cm x 7.6 cm (L x W x H) 

Weight: 1.5 kg (incl. battery) 

Table 9: Pin Assignment when Looking at Optoelectronic Unit. 

LEAF CLIP/AUX 1/AUX 2 

1. GND
2. Serial Clock
3. Serial Data
4. + 5 V Output

SYNC 

1. GND
2. SYNC
3. RS 485 A
4. RS 485 B
5. Voltage output of current power supply (line or battery)

EXT. DC 

1. -
2. GND
3. + 12 V Input

COMP 2/ COMP 1 

1. + 5 V Output (= 4 of LEAF CLIP)
2. Voltage output of current power supply (= 5 of SYNC)
3. RS 232 TxD
4. RS 232 RxD
5. GND
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8.1.2 Fiberoptics MINI-PAM/F 

Design: Randomized 70 µm glass fibers forming single plastic 
shielded bundle with stainless steel adapter ends 

Dimensions: Active diameter 5.5 mm, outer diameter 8 mm, 
length 100 cm 

Weight: 180 g 

8.1.3 Power Supply MINI-PAM-II/N 

Input: 100 to 240 V AC, 50 to 60 Hz 

Output: 12 V DC, 5.5 A 

Operating temperature: 0 to 40 °C 

Dimensions: 13 cm x 5.5 cm x 3 cm (L x W x H) 

Weight: 350 g including cables 

8.1.4 Battery Charger 000190101101 

Input: 100 to 240 V AC, 50 to 60 Hz 

Output: 12 V DC, 1.0 A 

Operating temperature: 0 to 40 °C 

Dimensions: 17.5 cm x 10.5 cm x 3 cm (L x W x H) 

Weight: 310 g including cables 
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8.1.5 Distance Clip 60° 2010-A 

Design: Metal clip with fiber holder and 11 mm sample hole: 5.5 
cm x 1.4 cm (L x W) 

8.1.6 Miscellaneous Add-ons 

Sloped Plexiglas rack for convenient desktop operation. Stylus for 
touchscreen. Carrying strap for optoelectronic unit 

8.1.7 Software WinControl-3 

Program: WinControl-3 System Control and Data Acquisition 
Program (Windows XP/Vista, Windows 7+8 32-bit and 64-bit) for 
operation of measuring system via PC, data acquisition and 
analysis 

Saturation Pulse Analysis: Measured: Ft, Fo, Fm, F, Fo' (also 
calculated), Fm'. PAR, leaf temperature and relative humidity us-
ing 2035-B Leaf-Clip Holder. Calculated: Fo' (also measured), 
FV/FM and Y(II) (maximum and effective photochemical yield of PS 
II, respectively), qL, qP, qN, NPQ, Y(NPQ), Y(NO) and ETR (elec-
tron transport rate) 

Fitting Routines: Two routines for determination of the cardinal 
points α, Ik and ETRmax of light curves 

Communication Protocol: USB 
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8.1.8 Computer Requirements 

Processor: 0.8 GHz. RAM: 512 MB. Screen resolution: 1024 
x 600 pixels. Interface: USB 2.0/3.0. Operating system: 
Microsoft Windows XP SP2/Vista/Windows 7 and 8 

8.1.9 Transport Case MINI-PAM/T 

Design: Aluminium case with custom foam packing 

Dimensions: 50 cm x 34 cm x 20 cm (L x W x H) 

Weight: 3.8 kg 

8.2 Accessories 

8.2.1 2035-B Leaf-Clip Holder 

Design: Consisting of (1) port to position Fiberoptics MINI-PAM/F 
and (2) clip to hold sample. The sample is hold by centrally open 
top and bottom halves of the clip. The upper clip part provides a 
circular, 1 cm diameter measuring area. Standard distance be-
tween fiberoptics tip and measuring area is 8 mm. The fiberoptics 
is aligned at an angle of 60° relative to the measuring plane. A 
leaf temperature sensor is mounted below the measuring area. A 
humidity sensor is mounted at 3 cm distance from the measuring 
area. A chip holding calibration data of sensors is built in. Satura-
tion pulses can be released by remote trigger button. An input 
socket for an additional light sensor is provided. 
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Micro quantum sensor: LS-C sensor for selective PAR meas-
urement, range 0 to 7000 µmol m-2 s-1, cosine corrected for light 
incident at an angle between -30° to +30° from surface normal, in-
ternal preamplifier 

Thermocouple: Ni-CrNi, wire diameter 0.1 mm, -20 to +60 °C  

Humidity sensor: Humidity and Temperature sensing integrated 
circuit, 0 – 100% relative humidity 

Power supply: MINI-PAM-II leaf clip socket (5 V/10 mA)  

Cable length: 180 cm  

Dimensions: 17 cm x 5.7 cm (max.) x 8 cm (max.) (L x W x H)  

Weight: 250 g (excluding cable) 

8.2.2 Dark Leaf Clip DLC-8 

Design: Clip made of aluminium with felt contact areas and 
sliding shutter 

Dimensions: 6.5 cm x 2 cm (max.) x 1.5 cm (max.) (L x W x H)  

Weight: 3.6 g 

8.2.3 Compact Tripod ST-2101A 

To mount 2035-B Leaf-Clip Holder. 

Height: Adjustable between 24 cm and 87 cm 

Weight: 400 g 
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8.2.4 2030-B90 Fiberoptics Adapter 90° 

Accessory to Leaf Clip 2035 B. Positions MINI PAM fiberoptics at 
constant distance and 90° angle relative to the leaf surface. 

8.2.5 MINI-PAM/F1 Miniature Fiberoptics 

Active diameter 2 mm, length 1.5 m. Including adapter for attach-
ment to Leaf-Clip Holder 2035-B. 

Subject to change without prior notice 



Warranty Chapter 9

9 Warranty 

All products supplied by the Heinz Walz GmbH, Germany, are 
warranted by Heinz Walz GmbH, Germany to be free from defects 
in material and workmanship for two (2) years from the shipping 
date (date on invoice). 

9.1 Conditions 

This warranty applies if the defects are called to the attention of 
Heinz Walz GmbH, Germany, in writing within two (2) years of the 
shipping date of the product. 

This warranty shall not apply to 

- any defects or damage directly or indirectly caused by or
resulting from the use of unauthorized replacement parts
and/or service performed by unauthorized personnel.

- any product supplied by the Heinz Walz GmbH, Germany
which has been subjected to misuse, abuse, abnormal
use, negligence, alteration or accident.

- to damage caused from improper packaging during ship-
ment or any natural acts of God.

- to batteries, cables, calibrations, fiberoptics, fuses, gas fil-
ters, lamps, thermocouples, and underwater cables.

Submersible parts of the DIVING-PAM or the underwater version 
of the MONITORING-PAM have been tested to be watertight 
down to the maximum operating depth indicated in the respective 
manual. Warranty shall not apply for diving depths exceeding the 
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maximum operating depth. Further, warranty shall not apply for 
damage resulting from improper operation of devices, in particu-
lar, the failure to properly seal ports or sockets. 

9.2 Instructions 

To obtain warranty service, please follow the instruc-

tions below: 

- The Warranty Registration form must be completed
and returned to Heinz Walz GmbH, Germany.

- The product must be returned to Heinz Walz GmbH,
Germany, within 30 days after Heinz Walz GmbH,
Germany has received written notice of the defect.
Postage, insurance, and/or shipping costs incurred in
returning equipment for warranty service are at cus-
tomer expense. Duty and taxes are covered by Walz.
Accompany shipment by the Walz Service and Repair
form available at:
http://www.walz.com/support/repair_service.html

- All products being returned for warranty service must
be carefully packed and sent freight prepaid.

- Heinz Walz GmbH, Germany is not responsible or li-
able, for missing components or damage to the unit
caused by handling during shipping. All claims or
damage should be directed to the shipping carrier.

http://www.walz.com/support/repair_service.html


Index Chapter 10

10 Index 

A 

Actinic and Yield...........................47, 69 

Actinic and Yield Settings................69 

Actinic Factor ......................................64 

Actinic Light .........................................64 

Actinic Light List .................................55 

Actinic Light Settings ........................65 

Adjust F-Offset....................................62 

AUX 1 ....................................................11 

Aux Control ..........................................78 

B 

Back Light.............................................81 

Basic Data ......................................42, 43 

Battery Voltage ...................................86 

Beeper ...................................................81 

C 

Clock Item ............................................69 

Clock Settings .....................................68 

COMP 1 ................................................11 

Components and Setup .....................9 

Cosine response ............................... 17 

Current Consumption....................... 86 

D 

Damping ............................................... 62 

Dark Leaf Clip..................................... 18 

Date ....................................................... 81 

Default Settings ................................. 82 

Distance Clip 60°............................... 13 

E 

Electron Transport Rate.................. 29 

Equations ............................................. 27 

ETR........................................................ 29 

ETR Factor .......................................... 62 

Extent of Delivery ................................ 9 

External PAR ...................................... 73 

F 

Far Red Light...................................... 67 

Firmware .............................................. 85 

Fluorescence Levels ........................ 21 

Fluorescence Ratio Parameters... 27 

93 



Chapter 10 Index 

Fm Definition .......................................22 

Fm Determination ..............................37 

Fm Kintetics .........................................37 

Fm’ Definition ......................................23 

Fo Definition.........................................22 

Fo Maximum Level ............................36 

Fo’ 

Calculation.....................................23 

Definition ........................................22 

Measurement ...............................22 

Fo’ Mode ...............................................62 

F-Offset .................................................62 

Ft Chart .................................................46 

Ft Chart Resolution ...........................80 

Fv/Fm Definition .................................24 

G 

Gain ........................................................62 

H 

Hardware ..............................................85 

Hints .......................................................35 

Humidity Sensor ...........................18, 45 

I 

Induction Curve ............................49, 70 

Induction Curve Settings .................70 

Internal PAR........................................ 73 

Interval Mode ...................................... 79 

Introduction............................................ 7 

L 

Leaf Clip 60° ....................................... 13 

Leaf Temperature ............................. 18 

Leaf-Clip 2035-B 

90° fiberoptics adapter ............. 16 

Compact Tripod ST 2101A ..... 16 

Humidity Sensor ......................... 18 

Image ............................................. 15 

Leaf Clip Socket ......................... 16 

Micro-Quantum-Sensor ............ 17 

PAR Calibration .......................... 76 

Thermocouple ............................. 18 

LED Spectra........................................ 12 

LED Temperature ............................. 86 

Light Curve .................................... 51, 71 

Light Curves........................................ 29 

Cardinal Points............................ 30 

Equations ...................................... 31 

Ik value .......................................... 30 

Quantum Efficiency ................... 30 

References ................................... 32 

Light Intensity & Distance ............... 14 

Light List Calibration......................... 55 

Light Sources...................................... 64 

94 



Index Chapter 10

Load Defaults ......................................81 

M 

Main Menu ...........................................57 

Main Menu Outline ............................58 

Mark .......................................................42 

Measuring Light 

Frequency .....................................61 

Intensity..........................................61 

Settings ..........................................60 

Memory .................................................84 

Micro-Quantum-Sensor ...................17 

Miniature Fiberoptics ........................93 

MINI-PAM-II Info ................................86 

MINI-PAM-II Settings........................80 

N 

New Record .........................................44 

Non-photochemical Quenching.....25 

NPQ Definition ....................................25 

O 

Operation Time...................................86 

Optode...................................................77 

Optoelectronic Unit 

Back Panel ....................................10 

LED..................................................12 

Sockets .......................................... 11 

Oxygen Sensor .................................. 77 

P 

PAR ................................................. 45, 75 

Pin Assignment .................................. 88 

Program Settings .............................. 68 

Q 

qL Definition ........................................ 24 

qN Definition ....................................... 25 

qP Definition........................................ 24 

Quenching Analysis.......................... 46 

R 

Recovery Curve ................................. 53 

References 

Fluorescence Ratio Parameters
................................................... 28 

Fluorescence Reviews ............. 33 

Light Curves................................. 32 

Saturation Pulse Analysis........ 28 

S 

Safety Instructions .............................. 5 

Saturation Pulse Analysis............... 27 

Saturation Pulse Settings ............... 67 

95 



Chapter 10 Index 

96 

Select Display .....................................72 

Sensors .................................................73 

Serial Number ...............................85, 86 

Signal LED ...........................................81 

Signal Noise.........................................38 

Specification 

2035-B Leaf-Clip .........................91 

Fiberoptics.....................................89 

LED..................................................87 

Memory ..........................................87 

Micro quantum sensor...............92 

Touchscreen.................................87 

WinControl-3.................................90 

Stirrer Settings ....................................78 

SYNC .....................................................11 

System Settings .................................77 

T 

Temperature ................................. 18, 45 

Temperature Calibration ................. 76 

Thermocouple .................................... 18 

Time....................................................... 81 

Top Level Windows .................... 40, 41 

Touchscreen Calibration................. 39 

W 

Warranty............................................... 95 

Y 

Y(II) Definition..................................... 24 

Y(NO) Definition ................................ 25 

Y(NPQ) Definition.............................. 25 


	1 Contents
	2 Safety Instructions
	2.1 General Safety Instructions
	2.2 Special Safety Instructions

	3 Introduction
	3.1 Intention of this Manual

	4 Components and Setup
	4.1 Extent of Delivery (Basic System)
	4.2 Optoelectronic Unit
	4.3 Distance Clip 60° 2010-A
	4.4 Accessories
	4.4.1 2035-B Leaf-Clip Holder

	5 Saturation Pulse Analysis
	5.1 Five Fluorescence Levels
	5.1.1 Measurements with Dark-Acclimated Samples
	5.1.2 Measurements with Illuminated Samples
	5.2 Fluorescence Ratio Parameters
	5.3 Relative Electron Transfer Rate (ETR) 
	5.4 Light Curves
	5.5 Some Light Curve References
	5.6 Some Reviews on Saturation Pulse Analysis

	6 Hints
	6.1 Instrument Settings
	6.2 Default settings
	6.3 F0 Fluorescence
	6.4 FM Fluorescence
	6.5 Fluorescence Signal Noise
	6.6 System Stops Responding

	7 Touchscreen Operation
	7.1 Calibration
	7.2 Top Level Windows
	7.2.1 Basic Data
	7.2.2 Primary Data
	7.2.3 Quenching Analysis
	7.2.4 Ft-Chart
	7.2.5 Actinic + Yield
	7.2.6 Induction Curve
	7.2.7 Light Curve
	7.2.8 Recovery
	7.2.9 Actinic Light List
	7.3 Main Menu
	7.3.1 PAM Settings
	7.3.2 Light Sources
	7.3.3 Program/Clock Settings
	7.3.4 Sensors
	7.3.4.1 Internal PAR
	7.3.4.2 Leaf Clip/Ext. PAR
	7.3.4.3 Oxygen Sensor
	7.3.4.4 Load System Settings
	7.3.5 Aux Control
	7.3.5.1 Stirrer Settings
	7.3.6 MINI-PAM-II Settings
	7.3.7 Memory
	7.3.8 Info
	7.3.8.1 MINI-PAM-II Info

	8 Specifications MINI-PAM-II/B
	8.1 Basic System
	8.1.1 Optoelectronic Unit
	8.1.2 Fiberoptics MINI-PAM/F
	8.1.3 Power Supply MINI-PAM-II/N
	8.1.4 Battery Charger 000190101101
	8.1.5 Distance Clip 60° 2010-A
	8.1.6 Miscellaneous Add-ons
	8.1.7 Software WinControl-3
	8.1.8 Computer Requirements
	8.1.9 Transport Case MINI-PAM/T
	8.2 Accessories
	8.2.1 2035-B Leaf-Clip Holder
	8.2.2 Dark Leaf Clip DLC-8
	8.2.3 Compact Tripod ST-2101A
	8.2.4 2030-B90 Fiberoptics Adapter 90°
	8.2.5 MINI-PAM/F1 Miniature Fiberoptics

	9 Warranty
	9.1 Conditions
	9.2 Instructions

	10 Index


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




