








14. LUCIA application browser

14.5. Application presets: Selection and custom configuration

14.5.1. Configuration in application view

Select the factory application or existing user application that is closest to the requirements of the new application.

If necessary, add one or more additional devices to the application. Parameter presets for multiple units can be
saved as one application file. Click the “+” at the bottom of the column to add another device to the application.
Note that saving multiple units as one Application is for user convenience only; parameters for each device must
be downloaded separately.

Select a device for editing. The selected device shows a blue frame.

Name Inputs, Outputs and GPIO connections. Click on the existing name to edit the text.

14.5.2 Configuration in block diagram view

When a device is selected, the corresponding Application parameters are shown in the Block Diagram view in the
right-hand column. Click on the Input Block, Matrix Block, Output Block or Control Block to edit parameters.
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14. LUCIA application browser

14.5.2.1. Input block

INPUTS MATRIX OUTPUTS

CONTROL

LEVEL AND EQ PRESET

IN1 ‘Vucal 100Hz CUT !
IN2 | Vvocal 100Hz CUT
IN Line
3 v’ Vocal 100Hz CUT
ING | Line e

Each of the four inputs offers an option for either flat response (Line) or insertion of a low-cut filter optimized for
speech input (Vocal 100 Hz CUT). Select the option appropriate for your application.

The May 2014 release will offer “Custom” as a third option allowing you to set your own settings for the 4 EQ
sections on each input.

14.5.2.2. Matrix block

ouTPUTS

E'w application FaeE ) weyr MATRIX

o (g
Factory default sracor vz €D ) o
dio d NC IN3 ours Source B gbl.
Meeting Rooms ne | e

volume | Gp11
Retail/Commercial Source Selector | GP12
TC Group

Two Mono Sources
C Group Room 2

o
2
&
Two Stereo Sources Source Bgbl. | IN1 SPK1 |- Speakers
TC Group Source Cgbl. | N2 sz | Speakers
e ms = om ke w1 | (@]
ne —{ e ours | nc w2 °
Volume | GPI1 ero | ne s
Source Seecor | GPI2

+ %

The Matrix feature allows any of the four inputs to be routed to any or all of the four outputs: the two loudspeaker
outputs of the amplifier or the two auxiliary line outputs. The level for each output is adjustable from 0 to -30 dB
using the fader to the right of the matrix.

Manual routing — Click in the box to select the desired input-to-output routing.

Preset routing — Matrix settings appropriate for many applications are available as presets using the scroll-down
menu under Presets below the Matrix box.

Level setting — Select the desired output (framed in blue) and use the fader to set the output level.

Note: The Matrix selection function is disabled when a GPI function is assigned as Source Selector.
(See Section 14.5.2.4). This prevents possible confusion and errors.
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14. LUCIA application browser

14.5.2.3. Output block

In the Outputs section you can configure the output processing of individual channels for optimal response from
the connected loudspeakers.

Factory presets — Presets are provided with output equalization optimized for many Tannoy loudspeakers.

Additional presets are provided for generic full-range loudspeakers, with each offering a selection of low-cut filters.

Kitchen solution

TCGroun
Two Stereo Sources

Custom user presets — To create a custom Output preset, scroll to the bottom of the menu and select Custom.
A pop-up window gives access to the output filters that may be customized by the user. For each of the four filter

:
r
;
T
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"
" Tannoy VX 52 CUT
e SRS i v
T
:
T
§
T
5

Tannoy CVS 4
Tannoy CVS 6
oursurs Tannoy CVS 8
Tannoy 01 5
Tannoy DI SDC
Tannoy 01 6
Tannoy DI 60C
SPEAKER PRESET fanany e 8
s Tannoy O 80C

SPK1 Tanory O35 Tannoy DVS 4
¢ | Tamoyovse
Tannoy DVS 8
Tannoy OCV 6

annoy OCV 8

|
SPK2 Towny OV 6 ]
ouTs r ]
]
annoy VLS CUT
annoy VLS
annoy VSX 108P
annoy VSx 8289

‘annoy VX 12 CUT
annoy VX 12

annoy VX 6 CUT

annoy VX 6

annoy VX 8 CUT

annoy VX 8

‘annoy VX 82 CUT

annoy VX 82
Tannoy W 40C
Large Full Range 40Hz
Large Full Range 60Hz
Large Full Range 80Hz
Medium Full Range 80Hz
Megium Full Range 100Hz
Small Full Range 100Hz
Small Full Range 120Hz
5UB 80Hz
SUB 1004z
5UB 120Hz

sections you can select filter type by clicking on the icon. The available filter types are:

v Low Cut 12
Low Cut 6
Low Shelve 12
Low Shelve 9
Low Shelve 6
Low Shelve 3
Band
High Shelve 3
High Shelve 6
High Shelve 9
High Shelve 12
High Cut &
High Cut 12

Low Cut 12* (second order 12 dB per octave high pass Butterworth filter)
Low Cut 6 (first order 6 dB per octave high pass Butterworth filter)

Low Shelve 12 (Shelving boost or cut with 12 dB per octave slope)

Low Shelve 9 (Shelving boost or cut with 9 dB per octave slope)

Low Shelve 6 (Shelving boost or cut with 6 dB per octave slope)

Low Shelve 3 (Shelving boost or cut with 3 dB per octave slope)

Band (normal parametric EQ for which the width is defined in octaves)
High Shelve 3 (Shelving boost or cut with 3 dB per octave slope)

High Shelve 6 (Shelving boost or cut with 6 dB per octave slope)

High Shelve 9 (Shelving boost or cut with 9 dB per octave slope)

High Shelve 12 (Shelving boost or cut with 12 dB per octave slope)

High Cut 6 (first order 6 dB per octave low pass Butterworth filter)

High Cut 12* (second order 12 dB per octave low pass Butterworth filter)

*: If you wish to implement a 24 dB per octave high or low pass Linkwitz-Riley filter,
then simply select two 12 dB filters and set them to the same frequency.
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14. LUCIA application browser

Edit the output filters by (as appropriate) selecting an alternative filter type and entering new values in the parameter
boxes. (Only those parameters applicable to the filter type will be accessible.)

To save the custom filter, click on OK. To exit without saving changes, click CANCEL.
ADLC (Automatic Dynamic Loudness Contouring) — ADLC is a sophisticated, DSP-controlled function that

maintains optimum sound balance regardless of listening level. ADLC may be enabled or disabled using the radio
buttons to the right of each speaker preset.

14.5.2.4. Control block

My application F—

Factory default St
TC Grow

Meeting Rooms ca.

'FTA‘E?H(Ccmmerclal Source Seloctor P CONTROL

Two Mono Sources
TCGrowp

GPI1

Two Stereo Sources
TC Group

source s gbt. [ In;
Source Cgbl.

MODE | Output Level

| [

PRESET | SPK1 and SPk2

GPI2

MODE | Source selector |

PRESET

Mono: Mute , 1+2, All, 3+4
Stereo: Mute , 1/2 , 3/4
Stereo: Mute , 1/2 , Mix , 3/4
MODE |+ Mono: Mute , 1+2, All , 3+4
Mono:1,2,3,4

GPO

PRESET

—

The Control Block allows the user to define functions for each of the two GPI ports of the device by selecting a
function from the MODE menu. The functions available for each port are:

Qutput Level

Source Selector

Mute All

Wake

No Function (disabled)

When Wake or Mute functions are selected in MODE, the PRESET box shows a description of the function. These
are described as Open/Close referring to that the only thing needed is a switch connected between GND and the
GPI pin. So, in this scenario Close means that the GPI gets a voltage very close to zero (GND) and Open means
that the voltage is close to Vcc (thanks to an internal connection).

When Source Selector or Output Level functions are selected, available options are shown in the PRESET box.

The GPO is currently not reconfigurable; the Control Block shows current functionality.
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14. LUCIA application browser

14.6. Saving and storing custom applications

14.6.1. Saving applications

Once you have completed configuration of a custom Application, click on the Save button. A dialog window will
open which allow you to enter a file name, author and a description of the Application preset. Click on the Save
button in the dialog window to save the Application file.

The new custom Application will appear at the top of the list in the left-hand column.

NOTE: If you click on another Application from the left-hand application menu before saving the file, a prompt will
appear asking if you wish to save the file.

IMPORTANT: Do not close the main Application Browser window (quit the program) before saving an Application
file. The window will close immediately with no prompt, and all entered information will be lost.

14.6.2. Storing and sharing applications

Regardless of the location of the Application Browser (desktop, documents etc.), all Application files will be
stored at C:\Users\username\Documents\LUCIA Applications. Application files may be shared by copying to
or from this folder.

14.7. Programming a LUCIA device

To program a LUCIA device, first select the desired application from the list in the left-hand column. If the
Application includes more than one device, select the desired device. It will show with a blue frame.

Room 1
Source B ext. IN1 SPK1 Ceiling
Source C ext. N2 SPK2 Front
NC IN3 ouT3 Source B gbl.
NC IN4 ouT4 Source C gbl.
Volume GPI1 GPO NC
Source Selector GPI2
Room 2
Source B gbl. Speakers
Source C gbl. Speakers
NC NC
NC NC
Volume NC

Source Selector

Connect a USB cable from the computer to the LUCIA device. The PROGRAM button will show as enabled as
soon as the connection is established.
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14. LUCIA application browser

Press the Program button

i
s |

Programming Done

The connected LUCIA amplifier has now

been programmed with the settings for the selected
amp.

@ Enable Synchronization

This will keep the device automatically synchronized.
Any changed made to the selected amplifierwill
immediately be programmed to the connected
LUCIA amplifier.

——

A confirmation dialog will show when the settings have been successfully transferred to the device. The dialog also
shows an option to Enable Synchronization. If you want to further edit parameters in real time, click the button and
then click “OK.” (See Online Mode following.) If you do not want to do real-time edits, simply click “OK.”

14.8. Online mode

To enter Online Mode, click the “Enable Synchronization” button when programming a LUCIA device.
(See Section 14.7.)

A device connected in Online Mode shows in the Application Browser with an orange frame.

In Online Mode, any changes made to parameters in the Application Browser are transferred in real time to

the connected LUCIA device. A circular animation shows in the selected device while updating is in progress.
Online Mode is particularly helpful for adjusting output equalization while listening to or measuring the connected
loudspeaker(s).

To exit Online Mode, press the “Sync Enabled” button or select another device.

14.9. Upgrading the firmware in a LUCIA device

As features are added, the firmware in the LUCIA will eventually require upgrading. While the LUCIA is connected
to the host computer, the Application Browser will check that the firmware version will support the selected
application before the application is programmed to the device. If an upgrade is required, then a wizard will guide
you through the upgrade procedure with step-by-step instructions. Each step will be verified by the wizard to keep
this procedure simple and secure.

In the unlikely event that it should fail to update, restart the Application Browser and see what it says; if required -
put the LUCIA in update mode and try again.

LUCIA Operation Manual rev10.0 19



15. Appendices

15. Appendices
15.1. Configuration for LUCIA base models
©O1 Q2 6Pl 6PI2

Rcﬁm o
IN1 > > S sPK1
BAL \ |
) BAL n | : | '
IN SPK 2
S e——

15.2. Default configuration for LUCIA M models

©1 2 GPI1 GPI2
1

1 1 1
g ) S .
IN1 + SPK 1
BAL | | Lo
BAL | : ' | .
IN 2 + | : | SPK 2
RCA |
1
1
6 dB ~{ >——— 0UT3
) oUT 4

15.3. External control via GPI: Connection and components

The default function for GPI is level control, a linear potentiometer with a value between 1 k to 100 k ohm can be
used. As the GPI is internally pulled high it will default to full level if no potentiometer is connected. If the cable is
a shielded twistred pair, then the shield should be connected to ground. Alternately 3 tightly twisted leads can
be used. The potentiometer should be connected so that the wiper (the sliding contact) is at the Vcc side of the
potentiometer for maximum level and at the GND side for Mute.

GND 1GPI2 Vcec LePo-
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15. Appendices

A resistor ladder selector can be used to perform selection of up to 4 different alternatives. The total impedance
should be between 1k and 100k ohm and one way to do it is as illustrated below (this is also how the Lab.gruppen
accessory is made).

The May 2014 release of the Application Browser software allows customization of selections and voltages for
each of the select positions.

Positon: 1 , 2 , 3 , 4

Vce

GPI

GND o

For functions like push to talk and mute all a simple contact closure can be used with LUCIA M. It should be
connected between ground and GPI.

GND 1GPI2 Vece LePo-
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15. Appendices

15.4. Thermal dissipation

LUCIA120/2

Level Load Output power v'\c’:lz:;ngse ctll_ri::nt Watt *1) Thermal Dissipation
VAC IAC In out E:t:‘(; BTU/r | kCalfhr
230 0.032 0.88 0 1 3 1
Standby w. remote Power Off. 120 0.027 0.77 0 1 8 1
100 0.028 0.76 0 1 3 1
230 0.21 11.9 0 12 41 10
Power on, Idling 120 0.19 13.0 0 13 44 "
100 0.22 131 0 13 45 11
230 0.22 25.3 7.5 18 61 15
16 Q/Ch. 30 X2 120 0.34 24.3 7.5 17 57 14
100 0.40 24.6 7.5 17 58 15
230 0.30 35.6 15 21 70 18
8Q/Ch. 60 X2 120 0.47 33.6 15 19 63 16
Pink Pseudo 100 0.54 34.4 15 19 66 17
Noise (1/8) 230 0.30 36.3 15 21 73 18
4Q/Ch. 60 X2 120 0.48 34.9 15 20 68 17
100 0.55 35.3 15 20 69 17
230 0.32 37.7 15 23 77 20
20/Ch. 60 X2 120 0.50 36.3 15 21 73 18
100 0.57 36.6 15 22 74 19
*1) The amplifier's PSU operates as a non-resistive load, so the calculation “Volts x Amps = Watts” would not be correct. Instead, measured and specified here
is what is known as the “Active Power" in the amplifier providing useful, real-world values of power consumption and heat dissipation

J

LUCIA120/2M

\is what is known as the “Active Power"” in the amplifier providing useful, real-world values of power consumption and heat dissipation

Level Load Output power v“:::ilngse CLI;:::nt Watt *1) Thermal Dissipation
vAC | IAC In out S;Z‘d BTUMr | KCaljhr
230 0.032 0.88 0 1 3 1
Standby w. remote Power Off. 120 0.027 0.77 0 1 3 1
100 0.028 0.76 0 1 3 1
230 0.14 14.8 0 15 51 13
Power on, Idling 120 0.21 13.4 0 13 46 12
100 0.25 141 0 14 48 12
230 0.25 28.2 7.5 21 71 18
16 Q/Ch. 30 X2 120 0.35 24.7 7.5 17 59 15
100 0.41 25.6 7.5 18 62 16
230 0.33 38.5 15 23 80 20
80 /Ch. 60 X2 120 0.47 34.0 15 19 65 16
Pink Pseudo 100 0.55 35.4 15 20 70 18
Noise (1/8) 230 0.33 39.2 15 24 83 21
40Q/Ch. 60 X2 120 0.48 5.9 15 20 69 17
100 0.56 36.3 15 21 73 18
230 0.34 40.6 15 26 87 22
20/Ch. 60 X2 120 0.51 36.7 15 22 74 19
100 0.59 37.6 15 23 77 19
*1) The amplifier's PSU operates as a non-resistive load, so the calculation “Volts x Amps = Watts” would not be correct. Instead, measured and specified here

J
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15. Appendices

LUCIA 240/2

Level Load Output power vh:r:;ngse ctll-:::nt Watt *1) Thermal Dissipation
VAC | IAC In out g;stjd BTU/hr | KCal/hr
230 0.032 0.88 0 1 3 1
Standby w. remote Power Off. 120 0.027 0.77 0 1 3 1
100 0.028 0.76 0 1 3 1
230 0.12 1.9 0 12 41 10
Power on, Idling 120 0.19 13.0 0 13 44 11
100 0.22 131 0 13 45 11
230 0.29 34.4 15 19 66 17
16 Q/Ch. 60 X2 120 0.47 34.7 15 20 67 17
100 0.58 341 15 19 65 16
230 0.42 53.7 30 24 81 20
8Q/Ch. 120 x 2 120 0.70 54.2 30 24 82 21
Pink Pseudo 100 0.81 54.6 30 25 84 21
Noise (1/8) 230 0.45 556.2 30 25 86 22
4Q/Ch. 120 X2 120 0.74 56.7 30 27 91 23
100 0.84 56.8 30 27 91 23
230 0.47 591 30 29 99 25
2Q/Ch. 120 X2 120 0.76 58.9 30 29 98 25
100 0.91 61.1 30 31 106 27
*1) The amplifier's PSU operates as a non-resistive load, so the calculation “Volts x Amps = Watts"” would not be correct. Instead, measured and specified here

\is what is known as the “Active Power” in the amplifier providing useful, real-world values of power consumption and heat dissipation Y,

LUCIA 240/2M

Level Load Output power v“g::iangse cb:::nt Watt *1) Thermal Dissipation
vAC | IAC In out 52325 BTUMr | KCaljhr
230 0.032 0.88 0 1 3 1
Standby w. remote Power Off. 120 0.027 0.77 0 1 8 1
100 0.028 0.76 0 1 3 1
230 0.14 14.8 0 15 51 13
Power on, Idling 120 0.21 13.4 0 13 46 12
100 0.25 141 0 14 48 12
230 0.31 37.3 15 22 76 19
16 Q/Ch. 60 X2 120 0.48 351 15 20 69 17
100 0.60 351 15 20 69 17
230 0.45 56.6 30 27 91 23
8Q/Ch. 120 X2 120 0.71 54.6 30 25 84 21
Pink Pseudo 100 0.83 55.6 30 26 87 22
Noise (1/8) 230 0.47 58.1 30 28 96 24
4Q/Ch. 120 X2 120 0.75 571 30 27 92 23
100 0.86 57.8 30 28 95 24
230 0.49 62.0 30 32 109 28
20/Ch. 120 X2 120 0.77 59.3 30 29 100 25
100 0.93 62.1 30 32 110 28
*1) The amplifier's PSU operates as a non-resistive load, so the calculation “Volts x Amps = Watts" would not be correct. Instead, measured and specified here

\is what is known as the “Active Power"” in the amplifier providing useful, real-world values of power consumption and heat dissipation Y,
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15. Appendices

15.5. Technical Specifications

General LUCIA 240/2M LUCIA 120/2M LUCIA 240/2 LUCIA 120/2
Number of powered channels 2 2 2 2

Total output all channels driven 240 W 120 W 240 W 120 W

Max output voltage per channel " 43.8 V peak 31.0V peak 43.8 V peak 31.0V peak
Max. output current per channel 7.8 Arms 5.5 Arms 7.8 Arms 5.5 Arms
Max. Output Power (all ch.’s driven)

2 ohms 120 W 60 W 120 W 60 W

4 ohms 120w 60 W 120W 60 W

8 ohms 120 W 60 W 120 W 60 W

16 ohms 60 W 30W 60 W 30W
Performance

THD 20 Hz - 20 kHz at 1 W into 8 ohms <0.3% <0.3% <0.3% <0.3%

THD at 1 kHZ and 1 dB below clipping <0.2% <0.2% <0.2% <0.2%
Signal to noise ratio into 8 ohms >101 dBA >98 dBA >101 dBA >98 dBA
Channel separation (Crosstalk) at 1 kHz >60 dB >60 dB >60 dB >60 dB
Frequency response 5Hz - 22 kHz 5 Hz - 22 kHz 5Hz - 22 kHz 5Hz-22 kHz
Input impedance 10 kOhm 10 kOhm 10 kOhm 10 kOhm
Input common mode rejection, CMR 40 dB 40 dB 40dB 40 dB
Gain, Sensitivity and Limiters

VPL for 16 ohm mode 44V 31V 44V 31V

VPL for 8 ohm mode 44V 31V 44V 31V

VPL for 4 ohm mode 31V 22V 31V 22V

VPL for 2 ohm mode 22V 1BV 22V 1BV

Sensitivity, balanced input
Sensitivity, RCA input

Input headroom for clip, balanced 2
Input headroom for clip, RCA 2

Connectors and switches
Input connectors (per ch.)
Input connectors (ch 1 & 2)
Output connectors (per ch.)
GPI (power control input) 2

GPO (power state output) @
usB
Cooling

Auto mode
Level adjustment (per channel) @

Matrix model features
Inputs processing block %
Mix-matrix routing block 4

Outputs processing block ¥

Two line level outputs ®
Latency from any input to any output

Power

Nominal voltage
Operating voltage
Standby consumption
Mains connector

Dimensions
Weight

Finish
Approvals
Warranty

4 dBu/ 1.23 Vrms
-2 dBu/0.62 Vrms
12 dBu/ 3.09 Vrms
6 dBu/ 1.55 Vrms

4 dBu/ 1.23 Vrms
-2 dBu/0.62 Vrms
12 dBu/3.09 Vrms
6 dBu/ 1.55 Vrms

4 dBu/1.23 Vrms
-2 dBu/0.62 Vrms
12 dBu/3.09 Vrms
6 dBu/ 1.55 Vrms

4 dBu/ 1.23 Vrms
-2 dBu/0.62 Vrms
12 dBu/3.09 Vrms
6 dBu/ 1.55 Vrms

3-pin detachable screw terminals, electronically balanced
Unbalanced RCA type
2-pin detachable screw terminals
2 channels of voltage sense type. 4 pins in a detachable screw terminal. Default for gain.
Contact closure type, 2 pins in a detachable screw terminal. Default for external monitoring of
fault/protection/power off
For firmware update and configuration for the matrix models
One fan, no filter required, front-to-rear airflow, temperature controlled speed. Can stay off if the
sustained power average stays below 2 x 6 W and the surrounding temperature is below 25 degrees C
The power state is controlled automatically with the audio signal
Front panel potentiometer, detented from -inf to 0 dB

Default with 4 parametric EQ for each of the 4 input channels
4 in - 4 out mix-matrix controllable from GPI
High pass filter
Output EQ
Output look ahead limiter
ADLC (Adaptive ISO 226 compensation)
Each capable of driving 6 LUCIA units in parallel
9.15ms

100 - 240 VAC
85 - 265 VAC
<1IW
IEC inlet

W: 216 mm (8.5”), H: 44 mm (1.7”), D: 280 mm (11”)
1.9 kg (4.2 Ibs)
Black aluminum front and black steel chassis
CE, CSA, CCC, PSE, FCC, ENERGY STAR
3 years, components and factory workmanship. See full warranty statement.

Note 1): Into 8 ohms and higher

Note 2): An analog soft limit will be engaged on the input above this level to reduce the clip distortion

Note 3): Can be configured for different functionality via USB

Note 4): DSP settings determined by settings downloaded from the Application Browser software; not configurable on the unit itself
Note 5): Noise levels typically allow daisy chaining of 3 LUCIA amplifiers without issues

All specifications are subject to change without notice.
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16. FAQ

16. FAQ

Is the LUCIA power stage inherently bridged as on E Series, thereby allowing asymmetrical loading?

No, the power output limit per channel is fixed on LUCIA. The amplifier cannot be bridged and there is no way
to use power on one channel that is not being used on the other, as with Lab.gruppen’s E Series. However, the
channels are automatically optimized when it comes to peak voltage, enabling one channel to deliver the full
rated power into 2 ohms and the other channel into 8 ohms.

What is the meaning and importance of “Input headroom for clip” in the technical specifications?

This is the level at which the input signal will reach full level on the input to the DSP. Above this level, the signal will
be severely compressed by an analog soft-clip circuit.

How many inputs can be driven by a LUCIA M line output?

Each LUCIA balanced line level output can drive up to 6 inputs in parallel; these can be any combination of LUCIA,
E Series, or C Series amplifiers (or other 20 kOhm balanced inputs).

Why is there latency (delay) through LUCIA?

The latency through a LUCIA is 9.15 ms (acoustically equivalent of 10 ft or 3 m). This is primarily due to the look-
ahead limiters and to the multiband mastering compression used in our ADLC algorithm, which adjusts for the
nonlinearities of the ear (1IS0O226). The 9.15 ms of latency is below what is detectable as out-of-sync when used in
video sound applications. Nevertheless, in some applications, it is preferable to drive multiple LUCIA units in parallel
rather than in a series (‘daisy chain’) configuration, as this will result in incremental delays.

What limiter circuits are incorporated into LUCIA, and how do they operate?

Following is a simplified description of the LUCIA limiters:

e Short term (<60 ms), look-ahead voltage peak limiter - The threshold of this limiter is automatically trimmed by
an instantaneous impedance measurement when the amplifier goes out of standby. This automatic adjustment
ensures that the threshold does not exceed the rated power or the maximum current that the amplifier can
deliver. In LUCIA M models, alternate presets may be used that designed for a lower power output than the full
output allowed by the default preset.

e Medium term limiter - This limiter is inserted to avoid clipping if the power supply rail sags.

e Longterm (>0.5 s) - This limiter is inserted to prevent thermal problems.
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