


Birch (lövträd)

Pine (barrträd)

Sick plants

Wavelength (nm)

% Reflection InfraredVisible

Spectral reflectance curves for vegetation



InfraredVisible

Spectral sensitivity of sensor

Typical performance

Digital cameras are equipped with IR absorption 
filters (can sometimes be removed)



B&W infrared 
photographs taken 
with ”black filter” 
(transmitting only IR)

Blue sky appears black (no 
IR). Vegetation is bright 
(strong IR reflection)



Color-infrared camera



Standard camera Color-infrared

Rendered blue Rendered green Rendered red

Camera configurations



(Laboration 6)
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Color-infrared camera with 3 sensors
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Detecting counterfeit money

Also traces at crime 
scenes etc.



Röntgenfotografi (0.001 nm <  < 50 nm)

Hård Mjuk

Röntgen har stor penetrationsförmåga
(större ju kortare våglängd).
Medicinsk röntgen ca. 0.01 – 0.1 nm.

Användningsområden:

Medicin
Industri (t.ex. koll av svetsfogar & flygplansvingar)
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min = 0.01 nm at 100 kV 

Int.

Bremsstrahlung

Atomic transitions

Typical X-ray spectrum



X-ray photograph produced during 
Röntgen’s lecture in Würzburg 23 
January 1896.

Wilhelm Conrad Röntgen (1845-1923)

Nobel Prize 1901



Set-up for X-ray photography

Film or 
electronic 
sensor

Object

Diaphragm

X-ray source (small!!)

Shadow image



Scintillator

Diaphragm

X-ray 
source

Detector matrix

Computer

At the hospital



X-ray images of neck region

Side view Front view



High speed photography

•High-speed film or video

•Single shot with short exposure time

•Strobo-photo (multiple exposures on single frame)



High speed video

• CMOS sensor is commonly used

1. Short exposure time = Strong 
illumination is needed

2. Read-out speed of data



Great flexibility due to CMOS sensor

Example:



Redlake video used in lab. session 6

250 frames/sec. Min. exposure time 1/5000 sec.

Camera

Display & image 
storage

Spotlight



Darkened room

Strobo-photo

Multiple flash exposures on a single picture frame

Ordinary camera is okay

Open shutter

Action!

Close shutter

View result



Strobo-photo of fast-moving objects (bullets etc.):

Cooke corp.

• Flash duration
• Time interval between flashes

Estimate! 1 s
100 s

Image courtesy of The Cooke Corporation, www.cookecorp.com.



Thermal imaging
(Termovision)

Detects electromagnetic radiation with 
wavelengths around 10 m

Applications:

• Detection of heat leaks

• Detection of overheating machines

• Spotting missing persons

• Surveillance (no illumination needed) 

etc.

Thermal cameras are mounted on police helicopters



Compact hand-held camera



Typical performance for a R&D (research and 
development) thermal camera:

640 x 480 pixel uncooloed microbolometer sensor

17 mm pixel center-to-center distance

50 frames per second (video rate)

Germanium (plus some other material) lens with F-number 1.0



Spectral emission curves for bodies at different temperatures

Thermal cameraVisible

Sun
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Typical array size approx. 300 x 200 pixels. Infrared 
radiation increases the pixel temperature, thereby causing 
a change in resistance.

Typical material = vanadium oxide (temp. coefficient of 
resistance 2-3%/K). 

Uncooled microbolometer focal plane array


