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Abstract : 

The explosion in a confined environment is one of the scenarios taken into account when 
conducting a risk assessment on an industrial plant storing toxic and / or flammable products. 
This explosion will cause a sudden increase in pressure and temperature in this environment 
and will cause almost instantaneous phase change of liquid dispersed, after a catastrophic loss 
of containment. A better understanding of physical mechanisms involved will allow more 
precise characterization of the kinetics of evaporation of toxic liquids and / or flammable 
during accidental releases at industrial sites. 

The liquid spray was studied extensively during the last fifty years, in various environments, 
both at atmospheric pressure and ambient temperature and at high pressures and temperatures. 
This work was mainly recorded in the areas of automotive, aeronautical and aerospace 
industries to better understand the mechanisms of evaporation and combustion in engines and 
very few in the area of industrial risks. However, these studies do not explore in detail the 
influence of a pressure between 100 and 600 KPa on the granulometry and evaporation of a 
jet of liquid chemicals, in particularly for the characteristic times studied.  

The objective of this thesis is to determine the influence of ambient pressure between 100 and 
600 KPa on the evaporation of a drop, and on the evaporation of a spray in the same 
conditions. Thus, various tests are performed using particle-size studies. 

This work is divided into several stages. The first step is to study the influence of ambient 
pressure on the evolution of the shape, the diameter, the speed and the evaporation rate of a 
drop of liquid in free fall. The technique used to obtain these measurements consists of a 
transmission lighting system and a high-speed camera. The images of the films obtained are 
analyzed by an image processing software. A methodology was developed to calibrate the 
measurement technique and minimize measurement errors on the particle size. This method of 
image analysis allows visualization of particles up to 50 microns in diameter and measuring 
particles up to 400 microns in diameter. With this technique, particles measurements are 15% 
less accure than same measurements performed with binucolar microscope. However, the 
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technique developed allows to measure particles in movement in contrary to the binocular 
microscope. 

In parallel, an analytical model of evaporation of falling drops has been developed. This 
model comes from a free-fall drop evaporation model available in the literature and has been 
modified during this thesis to take into account the influence of the ambient pressure. 
Moreover, particular attention was paid to the determination of an appropriate correlation for 
the drag coefficient to take account of changes in the shape of the drops during their fall. The 
model developed has been validated for different fluids and different diameters of drops 
between 0,5 and 6,5 mm. The comparison of experimental results with the model developed 
presents a maximum deviation below 10% (for the diameter and the velocity of a 4.7 mm 
acetone drop). Ultimately, this model of evaporation of drops will be applied to a spray. Thus, 
a spray evaporation model has been chosen among those available in the literature and 
modified to take into account the influence of the pressure. The main difference between the 
drop evaporation model developed and a model of evaporating spray is taken into account the 
training of air and the vapor concentration away form the drop. The comparison between the 
model of evaporation of drops developed and the spray evaporation model modified is then 
presented to show the limits of this drop evaporation model when applied to the evaporation 
of a spray. 

The second phase of the study was to apply the measurement techniques and analysis 
developed previously to study the drop size of a spray. Several tests were carried out with 
water and a solution of water and PolyEthylene Glycol 400 at 10% to characterize the 
influence of three parameters: ambient pressure, the injection pressure of the liquid and the 
nature of the liquid. The analysis of the results allowed developing a statistical model to 
determine the size of the drops of these sprays. These results showed different trends 
depending on each of these three parameters: it seems than an increase of ambient pressure, 
an increase of the liquid injection pressure and a decrease of the liquid surface tension show 
an increase of the number of the small drops in the spray. However, these results have to be 
weighted regarding to the standard deviations obtained on the experimental measures. Finally, 
the granulometry obtained experimentally has allowed to propose an estimation of the 
evaporation rate of the spray thanks to the spray evaporation model modified.  

The prospective in the short term of this thesis are to perform the measurement technique and 
to validate the experimental measures with other optical measurement techniques, like Phase 
Doppler Interferometry or Laser Diffraction Granulometry. In the longer term analysis of the 
kinetics of evaporation will model the resulting atmospheric dispersion. A better assessment 
of risk areas for accidents will be possible and the barriers of the most effective protection can 
be developed. 
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Résumé : 

L’explosion en milieu confiné fait partie des scénarios pris en compte lors de la réalisation 
d’une étude de dangers sur une installation industrielle stockant des produits toxiques et/ou 
inflammables. Cette explosion va entraîner une brutale augmentation de la pression et de la 
température dans ce milieu et provoquer quasi-instantanément le changement de phase des 
produits liquides dispersés, suite à une rupture de stockage. La meilleure compréhension des 
mécanismes physiques mis en jeu permet ainsi une caractérisation plus précise de la cinétique 
d’évaporation de ces produits liquides toxiques et/ou inflammables lors des rejets accidentels 
sur sites industriels.  

La vaporisation de liquide été largement étudiée, durant les cinquante dernières années, dans 
divers environnements, aussi bien à pression atmosphérique et à température ambiante qu’à 
hautes pressions et hautes températures. Ces travaux se sont inscrits dans les domaines tels 
que l’automobile, l’aéronautique et l’aérospatiale pour mieux comprendre les mécanismes 
d’évaporation et de combustion dans les moteurs mais très peu dans le domaine des risques 
industriels. Cependant, l’ensemble de ces travaux n’explorent pas en détail l’influence d’une 
pression ambiante comprise entre 100 et 600 KPa sur la granulométrie et l’évaporation d’un 
jet de produits chimiques liquides, en particulier pour les temps caractéristiques étudiés. 

L’objectif de cette thèse consiste à déterminer l’influence d’une pression ambiante comprise 
entre 100 à 600 KPa sur l’évaporation d’une goutte, puis sur l’évaporation d’un spray soumis 
aux mêmes conditions. Différentes analyses sont réalisées au moyen d’études 
granulométriques. 

Ces travaux sont divisés en plusieurs étapes. La première étape consiste à étudier l’influence 
de la pression ambiante sur l’évolution de la forme, du diamètre, de la vitesse et du débit 
d’évaporation d’une goutte de liquide en chute libre. La technique utilisée pour obtenir ces 
mesures est constituée d’un système d’éclairage en transmission et d’une caméra rapide. Les 
images des films obtenus sont analysées par un logiciel de traitement d’images. Une 
méthodologie a été développée pour calibrer cette technique de mesure et ainsi minimiser les 
erreurs de mesures sur la taille des particules. Cette méthode d’analyse par imagerie rapide 
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permet la visualisation de particules de 50 µm de diamètre, et la mesure de particules de 400 
µm de diamètre. Avec cette technique, les mesures de ces particules sont moins précises à 
15% que les mesures réalisées avec la loupe binoculaire. Cependant, la technique développée 
permet de mesurer des particules en mouvement contrairement à la loupe binoculaire.  

En parallèle, un modèle analytique d’évaporation de gouttes en chute libre a été développé. 
Ce modèle est issu d’un modèle d’évaporation de gouttes en chute libre disponible dans la 
littérature et a été modifié durant cette thèse pour tenir compte de l’influence de la pression. 
De plus, une attention particulière a été portée sur la détermination d’une corrélation adaptée 
au calcul du coefficient de traînée afin de tenir compte de l’évolution de la forme des gouttes 
au cours de leur chute. Le modèle développé a été validé pour plusieurs liquides et différents 
diamètres de gouttes compris entre 0.5 et 6.5 mm. La comparaison des résultats 
expérimentaux avec le modèle présente un écart maximal de 10% (pour le diamètre et la 
vitesse d’une goutte d’acétone de 4.7 mm). In fine, ce modèle d’évaporation de gouttes devra 
être appliqué à un spray. Par conséquent, un modèle d’évaporation de spray a été choisi parmi 
ceux disponibles dans la littérature et modifié pour prendre en compte l’influence de la 
pression ambiante. La principale différence entre le modèle d’évaporation de gouttes 
développé et un modèle d’évaporation de spray est la prise en compte de l’entrainement d’air 
et de la concentration de vapeur au loin de la goutte. La comparaison entre ce modèle 
d’évaporation de gouttes et le modèle d’évaporation de spray modifié est alors présentée pour 
montrer les limites du modèle d’évaporation de gouttes lors de son application à l’évaporation 
d’un spray.  

La deuxième étape de l’étude a consisté à appliquer les techniques de mesure et d’analyse 
mises au point précédemment à l’étude de la granulométrie d’un spray. Plusieurs essais ont 
été réalisés avec de l’eau et une solution d’eau et de PolyEthylène Glycol 400 à 10% pour 
caractériser l’influence de trois paramètres : la pression ambiante, la pression d’injection du 
liquide et la nature du liquide. L’analyse des résultats a permis de développer un modèle 
statistique pour déterminer la granulométrie de ces sprays. Ces résultats ont mis en évidence 
des tendances différentes en fonction de chacun de ces trois paramètres : il semblerait qu’une 
augmentation de la pression ambiante, une augmentation de la pression d’injection du liquide 
et une diminution de la tension de surface du liquide entraînerait une augmentation du nombre 
de petites gouttes dans la pulvérisation. Toutefois, ces résultats sont à pondérer compte-tenu 
des écart-types obtenus sur les mesures expérimentales. Par ailleurs, les distributions 
granulométriques obtenues expérimentalement ont permis d’estimer le débit massique 
d’évaporation du spray grâce au modèle d’évaporation de spray modifié.  

Les perspectives, à court terme, de ces travaux de thèse sont d’améliorer la technique de 
mesure mise au point et de valider les mesures expérimentales par d’autres techniques de 
mesures optiques, comme l’interférométrie à phase Doppler ou la granulométrie par 
diffraction laser. A plus long terme, l’analyse des cinétiques d’évaporation permettra 
d’améliorer l’évaluation du terme source pour évaluer la dispersion atmosphérique et 
permettre ainsi une meilleure évaluation des zones de risques en cas d’accident. 
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AVT PIKE F-032B / F-032C
AVT PIKE F-032B / F-032C fiber

The AVT PIKE camera family is equipped with an

IEEE1394b-S800 interface, as well as high-quality

CCD sensors and comes in a surprising variety of dif-

ferent versions for the most demanding applications.

The PIKE offers a selection of five different high-qua-

lity sensors (b/w and color) with high sensitivity and

true-to-life color reproduction. To meet the highest

requirements in the industry, the PIKE comes optio-

nally in a version with a copper daisy chain connec-

tion or 1xcopper combined with 1x GOF (850nm MMF,

LC connector). This not only saves costs in multi-

camera operations but also makes it possible to use

up to 500 meters of cable. The direct fiber technolo-

gy of the PIKE in the GOF version also provides for

equalization of potential and EMC-independence. The

high data rates of the PIKE (max 62.5 MByte/s) and

a huge number of smart features ensure an extraor-

dinary performance in PC-based image processing.

The integrated image pre-processing of the PIKE not

only reduces demands on PC computer power, but

also cuts system costs by eliminating the now unne-

cessary frame grabbers.

AVT Cameras

ALLIED VISION TECHNOLOGIES GMBH

Taschenweg 2a  |  D-07646 Stadtroda  |  Germany

Phone: +49 36428/677-0  |  Fax: +49 36428/677-24

www.alliedvisiontec.com  |  info@alliedvisiontec.com

PIKE F-032B / F-032C
PIKE F-032B / F-032C fiber

Fast – smart – perfect: 1394b goes PIKE 

Highlights

● VGA (640 x 480)

● Up to 205 fps (full resolution) 

● Progressive Scan CCD, monochrome and color

● True Partical Scan (higher frame rates by smaller 
AOI)

● flexible AOI, flexible Speed (full Format 7 support)

● Opto-Coupled asynchronous image trigger

● Image Preprocessing Features:

- Auto controlled Gain, Exposure, White Balance 
(Separate Reference AOI)

- Color Correction, Hue, Saturation
- Real Time Shading Correction
- Programmable LUT
- and lots more ...

● Smart Frame Grabber Features:

- Image FIFO Memory (105 full frames)

- Safe Data Transfer Mode

- Single Shot, Multi Shot, Free Run

● - 2 prog. Inputs / 4 prog. Outputs

- On boards RS-232 Port

- and lots more ...

● Industry proven and robust housing

● C-Mount, CS-Mount

● Angled Head and Customized Housings

+ + P R E L I M I N A R Y + +



Image Device 1/3“ (Diag. 5.92mm) progressive scan, KODAK IT CCD

Effective Picture Elements 648 (H) x 488 (V)
Picture Size 640 (H) x 480 (V) (all modes and color formats) 
Cell Size 7.4µm x 7.4µm

Resolution Depth 8 Bit / 10 Bit / 12 Bit / 14 Bit / 16 Bit (High SNR Mode)

Lens Mount C-Mount, CS-Mount

Digital Interface 1394b, 2 x Bilingual (Daisy Chain)           1394b, 1xBilingual, 1xLC Fiber MMF (850nm), (Daisy Chain)

Transfer Rate 100, 200, 400, 800 Mbit/s

Frame Rates 205fps (b/w and raw), 142fps (YUV 4:1:1), 106fps (YUV4:2:2), 71fps (RGB)

Gain Control mono: Manual 0 - 24dB, Auto Gain; color: Manual 0 - 20dB, Auto Gain

Shutter Speed 20µs … 67s, Auto Shutter, Level Mode 

External Trigger Shutter Programmable, Trigger-Level-Controlled 

Single Trigger, Bulk Trigger, Programmable Trigger Delay

Smart Features AGC, AEC, AWB, Color Correction, Hue, Saturation, Real Time Shading Correction, 

LUT, 64MB Image Memory, Safe Data Transfer Mode, Storable User Sets,
2 progr. Inputs / 4 progr. Outputs, RS-232 Port, etc.

Power Requirements DC 8 – 36V (via IEEE1394 port or HIROSE)

Power Consumption Typ. 5 Watt (@ 12V DC) Typ. 5.5 Watt (@ 12V DC)

Dimensions 44 mm x 44 mm x 95 mm (incl. connectors, without lens)

Mass < 250 g (without lens)

Operating Temperature +5°C … +45°C (non condensing)

Storage Temperature -10°C … +60°C (non condensing)

Regulations EN 55022, EN61000, EN55024, FCC Class A, DIN ISO 9022 (ROHS in preparation)

Options Removable optical filters, Angled Head, Power Out (Hirose), APIs, DirectX, Linux, etc.

Pin Signal

1 External GND

2 External Power (8...36V DC)

3 GP Output 4

4 GP Input 1 (Default: Trigger)

5 GP Output 3 (Default: Busy)

6 GP Output 1 (Default: IntEna)
7 GP Input GND

8 RxD (RS-232)

9 TxD (RS-232)

10 GP Output Power

11 GP Input 2 (TTL)

12 GP Output 2

ALLIED VISION TECHNOLOGIES GMBH

Taschenweg 2a  |  D-07646 Stadtroda  |  Germany

Phone: +49 36428/677-0  |  Fax: +49 36428/677-24

www.alliedvisiontec.com  |  info@alliedvisiontec.com

AVT Cameras PIKE F-032B / F-032C
PIKE F-032B / F-032C fiber

AVT PIKE F-032B / F-032C

AVT PIKE F-032B / F-032C fiber

Design and specification of the described product(s)
are subject to change without notice.
©  11/2005

Camera Specifications
S PIKE F-032 B/C PIKE F-032 B/C fiber

Aoi_HEIGHT fps

480 205

240 380

120 650

60 1000

30 1000

10 1000

Copper / Daisy Chain
Copper / GOF connections

Sensor Specifications b/w; color 
(extracted from the data sheet of the sensor - excluding lens and filter)

Dimensions

+ + P R E L I M I N A R Y + +
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FASTCAM SA3

A rugged, megapixel High-Speed imaging 

system for General Application and 

Automotive Safety Test recording

2,000fps operation at 1024 x 1024 pixels

FEATURES 

Performance examples: 

FASTCAM SA3 Model 60K 
1024 X 1024 pixels @ 1,000fps 
768 x 768 pixels @ 1,500fps 
512 x 512 pixels @ 3,000fps 
256 x 256 pixels @ 7,500fps 
and at reduced resolution up to 60,000fps 

FASTCAM SA3 Model 120K 
1024 X 1024 pixels @ 2,000fps 
768 x 768 pixels @ 3,000fps 
512 x 512 pixels @ 6,000fps 
256 x 256 pixels @ 15,000fps 
and at reduced resolution up to 120,000fps 

Recording in 12-bit or 8-bit data formats to extend 
record time. 

Suitable for operation in HiG environments.  
Operation tested to 100G, 10m sec, 6 axis. 

17 m pixel size to ensure high light sensitivity for 

demanding frame rate or low light applications 

2 s global shutter selectable independent of frame 

rate.

Composite video output for real time monitoring 
during set up, recording and playback 

Optional remote keypad control with integrated 
viewfinder

2GB or 4GB recording memory options 

Internal battery for memory back up in case of 
power loss. 

High performance Gigabit Ethernet interface. 

Designed to provide ruggedness and 
reliability, the Photron FASTCAM SA3 offers 
high performance recording for a broad 
range of applications in research and 
development and automotive safety testing. 

Like the award winning FASTCAM MH4 
multi-head camera system the FASTCAM 
SA3 ensures system stability under HiG 
conditions and long term system reliability.  

FASTCAM SA3 system design features built-
in battery for backup of images stored in 
memory in case of power loss, optional 
keypad with integrated viewfinder and 
Gigabit Ethernet communication. 

Utilizing the same CMOS imaging sensor as 
FASTCAM APX-RS, FASTCAM SA3 provides 
exceptional light sensitivity, image quality 
and colour fidelity. 

Two FASTCAM SA3 models are available: 

Model 60K: 1024 x 1024 pixel resolution 
at frame rates up to 1,000fps

Model 120K:  1024 x 1024 pixel resolution 
at frame rates up to 2,000fps

Both systems offer higher frame rates at 
reduced image resolution and two 
microsecond global shutter. 



Frame Rate v Image Resolution: 

Frame Rate (fps) FASTCAM SA3 Model 60K 
Maximum Resolution (pixels) 

FASTCAM SA3 Model 120K 
Maximum Resolution (pixels) 

1,000 fps 1024 x 1024 1024 x 1024 

1,500fps 768 x 768 1024 x 1024 

2,000fps 512 x 512 1024 x 1024 

3,000fps 512 x 512 768 x 768 

5,000fps 512 x 256 512 x 512 

6,000fps  512 x 512 

7,500fps 256 x 256 512 x 256 

10,000fps 512x128 512 x 256 

15,000fps 128 x 128 256 x 256 

20,000fps 256 x 64 512 x 128 

25,000fps 256 x 64 256 x 128 

30,000fps 512 x 32 128 x 128 

50,000fps 256 x 16 256 x 64 

60,000fps  128 x 16 512 x 32 

75,000fps / 256 x 32 

100,000fps / 256 x 16 

120,000fps / 128 x 16 

Recording duration at 1,000fps with 1024 x 1024 pixel image resolution::

Standard 2GB memory capacity 
 Seconds / (Frames)

Optional 4GB memory capacity 
 Seconds / (Frames)

8-BIT recording mode 2 seconds / 2,000 frames 4 seconds / 4,000 frames

12-BIT recoding mode 1.36 seconds / 1,360 frames 2.72 seconds / 2,720 frames

Sensor  12-bit CMOS (Bayer system color, single sensor) with 17µm pixel size 
Shutter  Global electronic shutter from 16.7ms to 2µs independent of frame rate 
Lens Mount  Interchangeable F-mount and C-mount using supplied adapters 
Memory 2GB (standard), 4GB (optional) 
Internal battery Internal battery for 30 minutes back up of data stored in memory 
Video Output NTSC/ PAL composite VBS (BNC). Ability to zoom, pan and tilt within image via keypad (option). Live video during recording. 
Camera Control Through optional keypad with integrated viewfinder and Gigabit Ethernet or RS-422A
Low light mode Low light mode selection for simple camera adjustment when working in low ambient light, high frame rate or short exposure modes. 
Triggering  Selectable positive or negative TTL 5Vp-p or switch closure 
Trigger delay Programmable delay on selected input and output triggers, 100ns resolution 
Phase Lock Enables cameras to be synchronized precisely together to a master camera or external source
Event  markers Ten user entered event markers mark specific events within the image sequence in real time. Immediately accessible through software.
Dual Speed Recording Enables the recording speed to be changed up or down by a factor of 2,4 or 8 during a recording. 
Recording Modes Start, End, Center, Manual, Random, Random Reset, Random Center, Random Manual and Dual Speed Recording. 
Saved Image Formats JPEG, AVI, TIFF, BMP, RAW (compressed or uncompressed) PNG and FTIF (8 bit). Images can be saved with or without image or 

comment data. 
Data Display  Frame Rate, Shutter Speed, Trigger Mode, Date or Time, Status (Playback/Record), Real Time, Frame Count and Resolution 
Partitioning Up to 10 memory partitions may be set by the user. 
Operating Temperature 0-40 degrees C  
Mounting 1x ¼-20 UNC, 1x 3/8-16 UNC, 6x M6 
Dimensions and Weight 220mm L x 120mm W x 120mm H, weight 4kg (without lens) 
Power requirements 100V - 240V AC ~ 1.5A, 50-60Hz optional DC operation 18-36 VDC, 90VA

Specifications subject to change without notice. 

PHOTRON (EUROPE) LIMITED 
The Barn, Bottom Road 
West Wycombe 
Bucks, HP14 4BS 
United Kingdom 
tel +44 (0) 1494 481011 
fax +44 (0) 1494 487011
email: image@photron.com 
www.photron.com 

PHOTRON USA, INC. 
9520 Padgett Street, Suite 110 
San Diego 
CA 92126-4446 
USA
tel 858.684.3555 or 800.585.2129 
fax 858.684. 3558 
email: image@photron.com
www.photron.com

PHOTRON LIMITED 
Fujimi-Cho 1-1-8 
Chiyoda-Ku 
Tokyo 102-0071 
Japan
tel +81 (0) 3 3238-2106 
fax +81 (0) 3 3238 2109 
email: image@photron.co.jp 
www.photron.co.jp

Specifications FASTCAM SA3
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Microscopes

At a working distance greater than a few 
millimeters, no optic will match the 
resolving power and magnification of 
Questar’s Long Distance Microscopes.
Questar is the pioneer of long distance 
microscopy and stand-alone, non-contact 
optical measurement systems. In the past 
ten years, Questar’s microscopes and 
measurement systems have received two 
“IR 100” awards and a Photonics “Circle
of Excellence” award.

Our microscopes are manufactured with 
hand-figured, matched optics, using the 
same care that we put into our space-
qualified telescopes. 

Although each instrument differs in working
distance, magnification, resolution and depth
of field, features common to all models
include:
- Two selectable ports allow the simultaneous

mounting of two detectors, or an eyepiece
and camera.

- The close working instruments have an 
integrated beamsplitter which allows for
coaxial illumination.

- No external parts move when focusing.
- Each is equipped with eyepiece and C-

mount, and compatible with 35 mm SLR’s.
- All are  compatible with our mounting

accessories.
- All are supplied with supplemental optics

which give an 8 to 1 variation in field of view
and depth of fiel at a fixed working distance.

- All are available in a motorized,
microprocessor controlled, variable
magnification version.

QM 1

The QM 1 was the first of our
Long Distance Microscopes. It
has a working range of 55 cm to
1,7 meters and remarkable
depth of field, linearity and 
chromatic correction. The QM 1 
is an indispensable tool for a 
wide variety of laboratory and 
industrial uses. It is provided w
either a tripod mount or a 
heavier full barrel mount.

ith

QM 100 QM-100

The QM 100 provides the
highest magnification and 
resolution available from any
optic in its working range. The
contrast in images produced by
this instrument is incomparable.
- 15 cm to 35 cm working

range.
- 375 to 8 mm field of view

(2/3’’ format).
- Resolves 1,1 micron

separation.

FR 1 

The FR 1 is a full range
instrument with a working range
from 1 meter to infinity. At 50
meters the FR 1 will allow the
reading of newsprint. In
production applications
requiring distances of more
than a few feet, the FR 1 is a 
flexible and very high
performance supertelephoto
lens.
- 1 meter to infinity working

range.
- Resolves 12 microns

separation at 3 meters.
- Ideal for alignment

applications.

- 55 cm to 1,7 meter working
distance.

- 0,9 to 15 mm field of view
(2/3’’ format).

- Resolves 2,7 microns
separation.

- Distorsion 1 part in 15 000 
edge to edge.

2



Specialized configurations
We offer specialized versions of
each instrument. These
configurations offer additional
unique performance
characteristics.

POWER PAK 100 

For those applications where the
highest magnification and 
resolution are necessary, Questar
offers the PowerPak 100. This
aplanat and Barlow combination
for your QM 100 provide a 25% 
increase in resolving power at a 
distance of 10 centimeters. Now
you can safely observe your sample
with sub-micron feature resolution.

MARK III

The MARK III is a specialized barrel
design with optimized boresight
retention over the full focusing range,
a capability necessary for critical
alignment applications. The MARK III 
is available with motorized focus, and 
the spacing of the optical elements
may be encoded to provide feedback
for measurement along the optical
axis.

SZ M

The Step Zoom microscopes
incorporate programmable control of
five magnifications, four in-line filters,
and focus.
A microprocessor refocuses the 
microscope when required as a result
of changes in magnification or
filtration, and all functions can be 
addressed via an RS-422 port.

All motorized functions are stepper
driven, and a status report of lens 
functions is displayed in an LCD 
window on the hand control. The
barrel design is based upon the Mark
III and shares the focus
characteristics of that instrument.

Step Zoom microscopes SZ M

Ruggedized Construction: Questar’s
ruggedized design was originally
developed for the extreme demands of
space flight. It allows our microscope to
perform in harsh environment, surviving
10G’s of shock and vibration. Complete
environmental enclosures for optics,
cameras, and mechanical components
are provided for high humidity, volatile
and corrosive atmospheres.

Extended Ultraviolet and Infrared
Imaging: The standard configuration of
all of our microscopes provides
transmission from 330 nanometers to
2,3 microns. Fused silica is available
with any instrument which provides
extended range, 200 nanometers to 3,5
microns.

3



Accessories

At Questar we know that great images
begin with great optics, but we also
know that the image is no better than the
least functional component of the
system.

Our approach to protecting the
performance of our optics is to offer
carefully balanced and integrated
components that work together to solve
specific problems.

Video
Video imaging in laboratory and production
environments often requires specialized
techniques. We have had years of
experience producing video images through
our optics, and have the technical support of
some of the best manufacturers in the
industry. We can provide you with the most
appropriate hardware and guide you in the
development of the best technical approach.

Lighting
Lighting is the most critical aspect of any
imaging application. We use fiberoptic light
guides to keep the source of heat away
from the optical path, and to put the desired
amount of light only where needed. Three
types of fiberoptic illuminators are available:
continuous quartz halogen, continuous very
high-intensity metal halide, and controllable
high-output stroboscopic. The QM 1 and 
QM 100 are equipped to be used with
brightfield or oblique illumination.

Filtering
We believe in doing as much as possible 
with the light itself. The fastest and least
expensive image processing is optical.
Optical filters can greatly enhance contrast
and help offset the problems introduced by
heat or excessive reflectively. They also 
may be used to isolate or block a specific
wavelength, reduce glare, enhance a 
specific feature, or control the amount of
light that reaches the camera.

QM 1 with CCD
camera and analog
image processor.

QM 100 with fiberoptic
illuminator and bright
field adapter.

Three axis linear positioning
stage with optical encoders.

Image storage
Image storage and documentation are
available in several forms. Both film and 
video tape can be used to store continuous
images, and our optics are used very
successfully with high frame-rate cameras.
We offer a variety of video printers which
provide instant hard-copy output of images.
The QRMS II includes the most highly
developed storage capability available in a 
free standing video system, featuring a 
complete image archival and post-
processing section that stores not only
images, but all other digital and analog data
to be correlated with the images.

Fixturing
Fixturing is the key to convenient,
repeatable, vibration-free use of our optics.
Control over positioning is essential when
you are moving around a one millimeter
field of view from a distance 1000 times
greater than the field width. Our Floor Stand
is easily moved but has the mass to
dampen ambient vibration. The Camera
Cradle holds all hardware coupled to the
lens firmly on-axis. We manufacture all of
our accessories to exacting specifications,
resulting in the assurance that components
can be added later without fear of
incompatibility. For installations in hostile
production environments, we package our
systems in weatherized enclosures.
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We provide a projection
TARGET LIGHT with each 
microscope to make
focusing easier. By shining
this light through the optic
and onto the subject, you
can quickly determine the
area at which the optic is 
properly focused.

The POSITIONNING
STAGES are an essential
part of any measurement
system and greatly assist
in the use of our
microscopes by providing
precise and repeatable
location of the object
plane. Our stages are
provided in one, two and 
three axis combinations.

Horizontal and vertical
motion covers 100 mm of
travel, and the focus axis
stage covers 50 mm. The
stages are available in a 
manual thimble drive
configuration, or in a 
motorized version
controlled by joy-stick. The
motorized version can also 
be controlled by any
device equipped with an 
RS-232 interface. Position
and displacement are
measured with optical
encoders integrated into
the stages.

The CAMEAR CRADLE
provides rigid support for
the lens and camera. The
positioning of both the
microscope and camera
are adjustable which allows
the insertion of additional
optics and filters into the
optical path. The cradle will
support most film and video
cameras.

The TILT HEAD, when
mounted between the
stand and the stages or
cradle, provides rotational
and precision pitch
adjustement to +/- 15 
degrees.

The FINE ROTATIONAL
ADJUSTABLE
PLATFORM provides a 
fine screw adjustment for
rotation.

The FLOOR STAND is a 
moveable support providing
stability not found in 
photographic tripods. The
large central column
absorbs virtually all 
ambient vibration. The
stand is on casters for easy
mobility and positioning
and has screw down feet
which will nest in floor cups 
for repeatable positioning.
The stand folds for storage.

The CAMEARA CRADLE
provides rigid support for the
lens and camera. The
positioning of both the
microscope and camera are
adjustable which allows the
insertion of additional optics
and filters into the optical
path. The cradle will support
most film and video
cameras.

The TILT HEAD, when
mounted between the stand
and the stages or cradle,
provides rotational and 
precision pitch adjustment to
+/- 15 degrees.

The FINE ROTATIONAL
ADJUSTABLE PLATFORM
provides a fine screw
adjustment for rotation.

The FLOOR STAND is a 
moveable support providing
stability not found in 
photographic tripods. The
large central column
absorbs virtually all ambient
vibration. The stand is on 
casters for easy mobility and 
positioning and has screw
down feet which will nest in 
floor cups for repeatable
positioning. The stand folds
for storage.

We provide a projection
TARGET LIGHT with each 
microscope to make
focusing easier. By shining
this light through the optic
and onto the subject, you
can quickly determine the
area at which the optic is 
properly focused.

The POSITIONING
STAGES are an essential
part of any measurement
system and greatly assist in
the use of our microscopes
by providing precise and 
repeatable location of the
object plane. Our stages
are provided in one, two
and three axis
combinations.

Horizontal and vertical
motion cover 100 mm of
travel, and the focus axis
stage covers 50 mm. The
stages are available in a 
manual thimble drive
configuration, or in a 
motorized version
controlled by joy-stick. The
motorized version can also 
be controlled by any device
equipped with an RS-232
interface. Position and 
displacement are
measured with optical
encoders integrated into
the stages.
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Applications

Since the introduction in 1983 of the award-
winning QM 1 Long Distance Microscope, we
have sold hundreds of microscopes and 
measurment systems for use in a wide variety
of applications.

Measurement
The microscopes may be used for measurement
within the field of view and over areas many times
the field of view. Using Questar positioning stages,
we conservatively state measurement accuracy at
2 microns.
Measurements can include linear, angular and 
area, and the correlation of dimensional change
as a function of time or other relevant parameters.

Our systems have been successfully used in 
measurement applications including real-time
measurement of crystal growth, thermal
expansion, fatigue crack propagation, roller gap
clearance, web thickness, and turbine blade 
deflection.

Alignment and positioning 
Alignment of two objects can be performed within
the same plane, or when one object is behind 
another.

Applications have included the centering of the
core of fiberoptics communications cable, machine
tool positioning, laser and electron beam spot
alignment, scanning tunneling microscope and 
hyperbaric chamber probe positioning.

Process monitoring
The large working distance of our optics allows for
the real-time observation of a process without the
need to periodically remove a part to be checked
under a microscope. Real-time observation can 
provide whole new insights into a dynamic
process, such as the progressive failure of optical
coatings under test conditions, particle behavior in 
an airflow, or the deposition of contaminants on 
remote surfaces. Undesirable variations in 
manufacturing processes can be detected and 
corrected before expensive errors are made.

Our microscopes can be used visually, with video
and film cameras up to a 35 mm format, and with
a variety of other detectors such as line scan and 
IR cameras. 

Video Image of
metallic composite
with fatigue crack

F.O.V. – 430 µ
Working distance :

15 cm

Video Image of
fiber optical

communication
cable

F.O.V. – 160 mm
Working distance:

15 cm

Video image of
optical cable

F.O.V. – 455 µ
Working distance:

15 cm

Video Image of
hypodermic needle
F.O.V. – 1,87 mm
Working distance:

70 cm

We provide the tools to
make difficult subjects
visible-incandescent, high
speed, low contrast,
highly reflective. We have
had extensive experience
using high frame rate film
and video cameras, and 
offer several unique high
speed capabilities with the
QRMS II. Among the
applications that we have
successfully solved are 
the analysis of dynamics;
high speed machine tool
diagnostics, such as 
surface mounting; and 
small scale dynamic
events such as droplet
sizing and flow rate.

6



The QRMS II at the Mechanics of Materials Lab at
NASA Langley Research Center. The application is

High temperature mechanical testing of crack growth
Studies in metal.

Materials testing: The monitoring and 
measuring of materials behavior during
dynamic and static testing is our most recurrent
application. Our microscopes and 
measurement systems are ideally suited to the
problem of acquiring data during a test. The
long working distance of our systems allow
easy manipulation of the sample, high
temperature viewing, and good depth of field
for rougher, unpolished surfaces. Variable
magnification coupled with high measurement
accuracy are also available to exactly correlate
your image data for a more accurate
interpretation of your test history.

Space Shuttle heat shield: After the first
launch of the Space Shuttle, it was apparent
that the tiles used to protect the ship from the
intense heat needed to be modified. Before a 
solution to the problem could be developed,
scientists needed to understand the dynamics
of the material failure. A Questar microscope,
used to monitor a sample tile surface during
simulated atmospheric re-entry conditions, led 
to the development of a solution.

Roller gap clearance: Mechanical methods
for measuring the gap between two rollers or a 
roller and a knife edge are inaccurate, and 
generally cannot be performed during the
rolling process. Questar has developed a linear
dimensional monitor which will provide a 
continuously updating record of the current
clearance as well as maximum and minimum
values over a selected period of time. The
system can provide an output for interface to
an external control unit.

Pick and place diagnostics: Questar’s
combination of long working distance, high
magnification, and fast lens speed results in 
instruments ideally suited for use in high-speed
imaging of small-scale machine tool
performance. A great deal of empirical trial and 
error can be reduced with effective high-speed
imaging. One application involved the
discovery of where in a pick and place 
procedure a component was being cracked. By
identifying the precise instant of crack initiation,
our client avoided a possible recall of
thousands of these electronic ignition
components.

Crystal growth: In the process of drawing a 
synthetic crystal, the growth rate needs to be 
monitored. The difficulty faced in this particular
application is that the crystal grown at an 
extremely high temperature, and the monitoring
of the crystal must occur near the seed.

Metallic particles in paint: An automobile
manufacturer wanted to be able to develop a 
method for aligning the particles in metallic paint
during the painting process to insure even
coloration. Our microscope coupled with a high
speed video camera allowed the testing of
various environmental changes during the
process until an appropriate technique was
developed.

Inclusions in glass boules: The materials used 
for optical components, like those used in our
own instruments, must be as free as possible 
from imperfections such as bubbles and flecks of
foreign material. Before the material is cut into
pieces that are sold to manufacturers, the
locations of these imperfections need to be 
mapped so that the most efficient use of the
material can be assured. We delivered a version
of one of our measurement systems that allowed
for the mapping of large pieces of a ceramic
material, opaque to the eye but transparent in 
the near infrared. Using a two-axis measurement
system and one of our Mark III microscopes with
encoded optical spacings, we were able to
generate a useful map of features otherwise
hidden until revealed through cutting.

Injection-plastics molding: A plastics
manufacturer developed a technique for molding
a part larger than the required dimension, and 
then reducing it to specification by baking it. The
problem he had was determining how long and 
at what temperature to bake the part. By being
able to monitor the shrinkage directly while the
part was baking, the customer was able to
circumvent the very labor intensive process of
repeatedly removing the part from the oven,
recording the bake parameters, and measuring
the part under a conventional measuring
microscope.
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Remote Measurement Systems
The QRMS Series of systems is available in
3 different configurations, to fit differing
measurement and budget requirements.

Features common to all include:
 Measurement without the need of a 

calibration reference, which means you aim
and shoot, without the errors of miscalibration.

 Measurement at microscopic accuracies
over areas many times larger than the video
field of view.

 Microscopic accuracies without moving the
subject, and the ability to move the system
from one application to another.

 Each level of the QRMS Series is directly
upgradeable to the next, which means that as 
you discover new uses requiring more
capability, the system grows with you.

 Focusable without effecting image scale for
consistent documentation and measurement.

 Analog video enhancement.
 Dual video inputs.
 Cost effective.

QRMS I: Remotely Controlled Measuring
Microscope

The QRMS I is a remotely operable system
with a desk top rack mount for the
displacement readouts, joystick controller
analog image processor and controller for the
cursors. In addition to performing linear
measurements, the system will display
reference dimensions and tolerances on a 
video screen. This device is ideally suited for
dimensional monitoring in manufacturing
environments.

All motion and focusing remotely operated.
RS-232 communications interface.
Analog image processor.
 Single or dual cursors allowing displacement

measurement and display of scaled dimensions.

QRMS M: Portable
Measuring
Microscope

The QRMS M is a 
completely portable,
manual system. With
the exception of the video monitor, all 
components are integrated into the Floor Stand.
It is ideal for general use where it will need to be 
moved frequently and where space is limited.

 2 axis linear measurement.
 Centered single cross hair for maximum simplicity

of use.
 Analog image processor.
 5 microns displacement values displayed at stage

head, upgradeable to 1 micron.
 Sets up to be measuring in minutes.

QRMS II: Programmable Image and Data
Acquisition and Analysis System

The QRMS II is a completely integrated,
computer-based system with image processor
and a graphical control environment. It was cited
with an IR 100 Award as one of the 100 most
significant new Technical Products for 1992. The
QRMS II puts a variety of menu-driven video
image and storage modes within easy reach of
an end-user who has better things to worry
about than how to make good images. The
QRMS II allows for the acquisition of any
combination of analog, digital and video data.
Image acquisition can be synchronized to an 
external source, and internal graph and reporting
functions display and analyze results. Computer
hardware includes 80486-based workstation,
VGA color monitor, dual buffer 8-bit frame
grabber, and proprietary Q-Sync video / strobe
synchronization system.

 Turnkey video image and data acquisition system.
 Includes unique strobe synchronization capability.
 Performs multiple linear and angular measurement.
 Correlates measurement from image to image. 
 Programmable for unattended operation.
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Features

QRMS Remote Measurement Systems

Video Modes

Live / Continuous
Live / Strobe (30 frames/sec) 
Snapshot (random) 
Syncshot (synchronized strobe) 
Animation
Scan
Unattended operation 

Image Acquisition
Analysis

Hardware

B / W CCD camera
Analog processor for camera 
12’’ Video monitor 
Frame grabber 

Software
Snap single frame 
A / D data sampled with image 
Digital data sampled with image 
Project

Image Storage
Output

VCR
Frame grabber 
Digital tape storage 
Optical disk 
Video printer 
Scan / Mosaic (RMS-II)
HP Laser Jet printout 

Measurement

Horizontal
Vertical
Area
Diagonal (Point – Point) 
On-screen within the field of 
dimension (stored image) 
Go / No-go crosshair 
Frame-frame (between frame) 
Change of dimension vs. time 
Included angle 
Scan
Mosaic

QRMS M 

*
0
0
0
0

N/A
N/A

*
*
*

N/A

0
0
0

N/A

0
0

N/A
N/A
0

N/A
N/A

*
*

N/A
0

0
0

N/A
N/A
N/A
N/A
N/A

QRMS 1 

*
0
0
0
0

N/A
N/A

*
*
*

N/A

0
0
0

N/A

0
0

N/A
N/A

0
N/A
N/A

*
*

N/A
0

0
*

N/A
N/A
N/A
N/A
N/A

QRMS II 

0
*
*
*
*
*
*

*
*
*
*

*
*
*
*

0
*
0
0
0
0
*

*
*
*
*

*
*
*
*
*
*
*

Cursor Control

Single, fixed, centered 
Double, adjustable (go/no-go) 
Black / White
Solid / Dotted 
Double, Calibrated
Multiple markers 
Frame to frame 

Motion Control
Positioning

Manual positioning 
Motorized w / Joystick
Hand-held control pad 
Encoder feedback, 2-axis
Encoder feedback, 3-axis
Digital position indicator 
Remote position indicator 
5 micron resolution 
1 micron resolution 

Lighting

Quartz halogen 
40’’ light pipe 
Articulated pipe stand 
Strobe
Strobe trigger unit 
Q-Sync synchronization system

Fixturing

Floor Stand 
Camera Cradle
Tilt Head
Rack mount 
Computer cart 

N/A - Not available
0 - Optional
* - Standard with system

QRMS M 

*
N/A

*
*
0

N/A
N/A

*
N/A
N/A

*
0
0
0
*
0

*
*
*
0
0
0

*
*
*

N/A
N/A

QRMS 1

*
*
*
*
0

N/A
N/A

*
*
*
*
0
*
*

N/A
*

*
*
*
0
0
0

*
*
*
*

N/A

QRMS II

*
*
*
*
*
*
*

*
0
0

N/A
*
*
*

N/A
*

0
*
*
*

N/A
*

*
*
*
0
*
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QM 1 Short Mount

   Long-Distance

     Microscope
(#30001)

The QM 1, for which Questar Corporation received an IR-100 award in 1983, was the first of a new series

of long-distance microscopes. It has a working range of 22 to 66 inches, a 30 to 1 variability in field of

view, and remarkable depth of field, linearity and chromatic correction which make it an indispensable

tool for a wide variety of laboratory and industrial applications. The QM 1 includes two selectable ports,

and is compatible with standard eyepieces, 35 mm, and video formats.

Type: Maksutov Cassegrain Catadioptric

Working Range: 560 mm (22 inches) to 1520 mm (66 inches), subject plane to front element.

Clear Aperture: 89 mm (3.5 inches).

Entrance Pupil: Primary Mirror 96 mm (3.8 inches).

Relative Aperture/

Numerical Aperture: Working Distance N.A. f/no

1400 mm  (55 inches)        .0288 16.8

1020 mm  (40 inches)        .0385 12.9

700 mm   (27.5 inches)    .0511 10

560 mm   (22 inches)     .0580   8.7

Resolution: Better than 3 microns at 22 inches

Magnification: To 125 times visual, to 12 times at image plane.

Format: Diffraction limited field 12 mm, 18 mm nearly diffraction limited.

Back Focal Distance: 70 mm (2.75 inches) minimum measured from back plate.

Optics
Corrector: BK7, Magnesium Fluoride Coated, 89 mm (3.5 inch) diameter.

Primary Mirror: Pyrex, Aluminum Coated, SiO overcoated, 96 mm (3.8 inch) diameter.

Secondary Mirror: Aluminum Coated, R1 surface of corrector, 22 mm (.87 inch) diameter.

Baffling: Helix in central tube, all interior surfaces black anti-reflection coated.

Mechanical
Barrel: Aluminum Hollow Bar, machined full length, with integrated lens cell, black anodized.

Length (with control box) 30.5 cm (12 inches); Outside diameter 10.8 cm (4.25 inches);

Weight 3.25 pounds.

Rear Closure Plate: With stainless steel central tube - precision machining and alignment after assembly.

Focusing Mechanism: Mirror thimble integral with stainless steel sliding tube. Slides on fixed, stainless steel light baffle

tube (centerless ground).

Control Box: Cast Aluminum, selectible axial or 90o port. Internally mounted 1.5X Barlow selectable for 90°

port, flick knob controlled.

Knobs: Aluminum 24S-T4, corrosion-resistant, hand-turned on turret lathe, stainless steel shafts and levers.

*Specifications subject to change without notice.
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B - MAIN SYSTEM FOCUS ROD F - DIOPTER ADAPTER FINE FOCUS, TOP PORT

C - AXIAL PHOTOGRAPHIC PORT G - MOUNT BRACKET - STANDARD ROTATING

D - MAIN SYSTEM PRISM ACTUATION KNOB  MOUNT

E - INTERNAL BARLOW ACTUATION KNOB H - INTERNAL MAIN SYSTEM OPTICS AND BAFFLE

SYSTEM

______________________________________________________________________________________________________

Questar Corporation Telephone: 215-862-5277 or 800-247-9607

6204 Ingham Road Fax: 215-862-0512

New Hope,  PA  18938 Email: Questar@QuestarCorporation.com

USA Web: www.QuestarCorporation.com

QM-1 Field of View (2/3" CCD)
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    QM 100

Long-Distance

  Microscope
         (#30003)

The QM 100 combines the compactness and ease of use of the QM 1 with the relative aperture and

resolution of the larger microscopes. For applications requiring high magnification and resolution, and

which allow the user to work from distances of 15 cm. to 35 cm., the QM 100 is uncontested in

performance and flexibility.

Specifications

Type: Maksutov Cassegrain Catadioptric

Working Range: 15 cm (6 inches) to 35 cm (14 inches), subject plane to front element.

Numerical Aperture: Working Distance   N.A. f/no

33.5 cm  (14 inches)          .083 6.0

25.4 cm  (10 inches)          .115 4.3

15   cm  ( 6 inches)         .142 3.5

Resolution: 1.1 microns at 15 cm (6 inches).

Magnification: To 34 times at image plane.

Format: Diffraction Limited Field 12 mm.

Optics

Corrector Lens: BK7, Magnesium Fluoride Coated, 63 mm (2.5 inch) diameter.

Primary Mirror: Pyrex, Aluminum Coated, SiO overcoated 104 mm (4.1 inch) diameter.

Secondary Mirror: R1 Surface of Corrector, Aluminum Coated, 16 mm (.63 inch) diameter.

Baffling: Helical in central tube, all interior surfaces anti-reflection coated.

Mechanical

Barrel: Aluminum, machined from seamless stock, threaded lens cell black anodized.

Length 32 cm (12.6 inches), outside diameter 11.4 cm (4.5 inches), weight 2.27 kg (5 lbs).

Rear Closure Plate: Aluminum with stainless steel main tube holder plate, adjustable centering.

Focusing Mechanism: Mirror thimble integral with stainless steel sliding tube. Slides on fixed, stainless steel light

baffle tube (centerless ground). Conical s.s. spring loaded Focus rod s.s. 303, precision

ground, 24 TPI; integrated inside control box.

Control Box: Machined aluminum, selectable axial or 90û  port. Internal beamsplitter standard flickknob

controlled.

Knobs: Aluminum, 24S-T4, corrosion resistant, stainless steel shafts and levers.

Mount: Full barrel length, 1/4" - 20 and 3/8" -16 mounting holes.

* Specifications subject to change without notice.
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______________________________________________________________________________________________________

Questar Corporation Telephone 215-862-5277 or 800-247-9607

6204 Ingham Road Fax 215-862-0512

New Hope, PA 18938 Email Questar@QuestarCorporation

USA Web www.QuestarCorporation.com

A – TRIPOD MOUNT F – DIOPTER ADAPTER AND EYEPIECE (REMOVE

B – CONTROL BOX  TO INSTALL TARGET LIGHT)

C – FOCUS KNOB & BUSHING G – PRIMARY MIRROR AND FOCUS ASSEMBLY

D – AXIAL PHOTOGRAPHIC PORT H – MAIN TUBE AND BAFFLE ASSEMBLY

E – BEAM SPLITTER ACTUATION KNOB I – CORRECTOR AND LENS CELL

QM100 Field of View (2/3" CCD)
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FR-1 MKIII
(#33004)

The FR-1 provides superb close-focus performance from 3ft (91cm) to Infinity.  It delivers the telescopic

performance for which Questar is famed.  The FR-1 is designed for accuracy and performance.  It utilizes

the Questar MKIII precision tube assembly design.  There are no spacers, extenders, or diopters required.

The FR-1 tube design allows for extended internal focus travel to accommodate this wide focus range.

Focus is smooth and stable.  The MKIII barrel design allows for integration of additional options such as

motorized focus and future upgrade to SZ 83000 series.  The improved boresight accuracy of this

instrument provides greater accuracy in alignment applications. Equipped with a C-mount adapter and

camera coupling set, this unit is ready to attach to any CCD camera with a standard C-thread, and

flexibility to be useful in virtually any situation.

SPECIFICATIONS
Type Maksutov Cassegrain Catadioptric

Working range 91cm (36 inches)

Resolution 6 microns at 91cm (36 inches)

Focal length visual:  1400mm at 2.75 BFD at f/16

photographic:   3200mm at f/32

Magnification Variable depending on BFD, Auxiliary Lens & Imaging Device

Format Diffraction limited field 18mm

OPTICS
Corrector Lens BK7, MgF2 coated, 89mm (3.5 inch) diameter

Primary Mirror Pyrex, Aluminum coated, SiO overcoated, 96mm (3.8 inch) diameter

Secondary Mirror Aluminum coated, R-II surface of corrector, 29mm (1.14 inch) diameter

Baffling Helix in central tube, black anti-reflection coated.

MECHANICAL
Barrel Aluminum plate, machined & black anodized, modular fabricated

construction

Lens Cell Hollow bar, machined & black anodized, precision turned mounting surface

& pilot flange

Focus Mechanism Corrector focus 6 point bearing structure, 6 precision pressed & loaded

bearing & matched stainless steel slide rods, direct drive lead screw focuser & matching

anti-backlash ball nut & bronze support bearings

Mirror Mounting Fixed position, 3" diameter stainless steel mounting plate, matched & fitted

to barrel assembly, mirror thimble precision thread to match plate

Knobs Aluminum

Hardware Stainless steel
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Magnification Chart for the FR-1

Working FR-1 Auxiliary Lens to 16mm Eyepiece With 2/3" Format

Distance Objective 0.9x     Open    1.5x     2.0x     3.0x     Camera & 14" Monitor

1 meter 1.332x 9.5x 10.5x 15.8x 21.0x 31.5x 21.8x

2 meters 0.674x 18.7x 20.8x 31.2x 41.6x 62.4x 43.1x

** The above magnifications other than the "OPEN" column are extrapolated data.

** when comparing video and eyepiece magnifications, use the "OPEN" column.  Much of the difference

here occurs in the artificial magnification from the CCD to the monitor.  This sometimes results in

"empty" or "useless" magnification.  We recommend that overall resolution and field of view be

compared for exacting calculations.

** Although eyepiece magnifications are significantly less than CCD magnifications, comparable

resolution is achievable due to the resolution limitations of CCD technology and the exceptional

physiology of the human eye.

** 1" = 25.4mm

Format/Field Width 6.9mm (at 36") to 15mm (at 96") for video

19.5mm (at 36") to 44.5 (at 96") for 35mm SLR

32mm eyepiece – 17.8mm (at 36") to 41mm (at 96") visual

24mm eyepiece – 15mm (at 36") to 36mm (at 96") visual

16mm eyepiece – 10mm (at 36") to 23mm (at 96") visual

12mm eyepiece – 7.6mm (at 36") to 15mm (at 96") visual

Magnification 32mm eyepiece – 9X (at 36") to 4X (at 96")

24mm eyepiece – 13X (at 36") to 5X (at 96")

16mm eyepiece – 17X (at 36") to 7X (at 96")

12mm eyepiece – 25X (at 36") to 9X (at 96")

_____________________________________________________________________________________

Questar Corporation Telephone 215-862-5277 or 800-247-9607

6204 Ingham Road Fax 215-862-0512

New Hope, PA 18938 Email questar@erols.com

USA Web www.QuestarCorporation.com
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Power Pak 100
(# 39487)

Specification Sheet

PowerPak 100 is specifically designed to increase the resolution and

magnifying power of the QM 100 long distance microscope.

With the addition of the package’s aplanat lens attachment, sub-micron

characteristics are observable at a working distance of 10 centimeters.  To

overcome the limitations of CCD pixel technology or to just get a better look

visually, the PowerPak 100 package also includes a Questar designed 3X

magnifying lens.  Fields of view ranging down to 250 microns are possible.

Include the PowerPak 100 package with your newly purchased QM 100 or

order it as an addition to your current instrument.

Specifications:

Weight aplanat: 4.75 ounces

Weight 3X lens: Less than 1 ounce

Theoretical resolution: 550 lp/mm @ 546.1nm

Empirical resolution: Better than 500 lp/mm (test chart limited)

Numerical aperture: 0.185 @ 10cm

Objective magnification: 8.1X

Working distance: 9-11 centimeters

Dimensions: Ø 7.5cm x 1.7cm

3X Barlow & Aplanat
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FOV: 340 x 250 microns FOV: 720 x 550 microns

Etched Wafer Segment

Questar Corporation Telephone:  215-862-5277 or 800-247-9607

6204 Ingham Road Fax:  215-862-0512

New Hope, PA 18938 Email:  questar@QuestarCorporation.com

USA Web:  www.QuestarCorporation.com

Fields of View Using Questar QM100 and Aplanat Lens 

with Auxiliary Lenses (using 2/3" format camera)
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F-number and Depth of Field Data 

for the QM 100 Barrel Configuration 

in the OPEN Position

Working Distance Numerical Aperture F-number Depth of Field

6’’ 0,139 22,1 28 µm

7’’ 0,129 21,9 32 µm

8’’ 0,126 21,1 34 µm

9’’ 0,117 20,6 39 µm

10’’ 0,115 19,5 41 µm

11’’ 0,107 19,4 47 µm

12’’ 0,098 19,8 56 µm

13’’ 0,091 20,1 65 µm

14’’ 0,084 20,4 77 µm

The formula used for depth of field calculations is based on the Raleigh criterion. It is as follows:

(0,5)( )(NA)² where =0,546 µm.

Perceived depths of field will vary with the user, camera and wavelength. In general, they will increase when a 

camera is used.

F-number and Depth of Field Data 

for the QM 1 Barrel Configuration 

in the OPEN Position

Working Distance Numerical Aperture F-number Depth of Field

22’’ 0,061 20,1 146 µm

26’’ 0,054 19,6 187 µm

30’’ 0,048 19,1 236 µm

34’’ 0,044 18,8 282 µm

38’’ 0,040 18,4 341 µm

42’’ 0,037 18,2 398 µm

46’’ 0,034 18,0 472 µm

50’’ 0,032 17,8 533 µm

54’’ 0,030 17,7 606 µm

58’’ 0,028 17,6 696 µm

62’’ 0,026 17,5 807 µm

66’’ 0,025 17,3 873 µm

The formula used for depth of field calculations is based on the Raleigh criterion. It is as follows:

(0,5)( )(NA)² where =0,546 µm.

Perceived depths of field will vary with the user, camera and wavelength. In general, they will increase when a 

camera is used.
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Microscopes Field of View 
(Eyepieces)

18 Measured using eyepieces with 50 degree field
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Microscopes Field of View 
(CCD Camera)

9 Data for horizontal FOV based on 2/3’’ Sensor (8,8 mm image plane) 
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