Sensorer

analog til digital

09
digital til analog



Hva er en sensor

En sensor er en komponent som detekterer et fysisk fenomen
(temp, trykk, straling, fuktighet ) og responderer med et signal som
vanligvis er elektrisk eller optisk.

En god sensor ma ha felgende egenskaper:

- ma vaere folsom for det fysiske fenomen som skal males
- ma veere ufelsom for andre fysiske fenomener
- ma ikke pavirke fenomenet som males



Sensorer finnes overalt

En vanlig bil har rundt hundre sensorer, og en Premium bil har opp
mot 200 sensorer.
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Begreper

Precision and Accuracy — presisjon og ngyaktighet

Det er viktig a skille mellom begrepene ngyaktighet og presisjon

Stor nayaktighet Darlig nayaktighet Stor neyaktighet
Darlig presisjon Stor presisjon Stor presisjon



Begreper

Precision and Accuracy — presisjon og ngyaktighet

Reference value
A

Probability Accuracy
density < g

< - » Value
Precision


http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg
http://upload.wikimedia.org/wikipedia/commons/3/38/Accuracy_and_precision.svg

Termokopling
Termisk generert spenning

Nar to forskjellige metaller koples
sammen dannes en termokopling
(thermocouple).

Varmer vi opp denne
termokoplingen genereres en liten
spenning - kalt Seebeck voltage

Spenningen som oppstar er direkte

proporsjonal med temperaturen — og

den avhengig av hvilke metaller som
sammenkoples

Best effekt oppnas med 2
halvledere, n og p montert side v.
side, - men ikke | direkte kontakt —
se fig. til hoyre. Dette &pner for en
rekke anvendelser:

Seebec effekt: — temp. differansen
over halvlederne driver en strom
gjennom motstanden

Peltier — motsatt effekt: En strom
giennom halvlederne far kretsen til a
virke som en varmepumpe. (F.eks
Kjolebag som drives av 12volt — il
bruk i bil)

Metal A

Metal B

Heat

L AN—— i

Strem fra varmekilde Sender du strem gjennom
(Seebec) halvlederne far du en

varmepumpe
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Temperatutmalinger
RTD sensor

En annen type temperatur transducer/
sensor - RTD sensor (RTD = resistance
temperature detector)

RTD er en komponent hvor motstanden endrer
seg direkte med temperaturen. RTD er mer —

\7

lineaer enn en termokopling - men RTD har et
mer begrenset temperaturomrade enn en
termokopling

RTD

RTD er enten tradviklet — eller laget med en
metallfilmteknikk

De fleste RTD er laget av platina eller nikkel-
legeringer



Temperatutmalinger
Termistor

En tredje type temperatursensor er termistoren — Dette er en motstand
(resistiv komponent ) laget av et halvledermateriale — gjerne nikkel-
oksyd eller kobolt-oksyd

Resistansen (motstanden) til en termistor endrer seg med temperaturen

Termistorer har bedre falsomhet enn termokoplinger og RTD-
motstander, men - Temperaturkarakteristikken er mer ulineaer og

temperaturomradet er mer begrenset
2 typer — NTC og PTC — Negativ og Positiv Temperatur koeffisient

PTC - Polymer and Ceramic
Elektronisk sikring




Temperatutmalinger

maling av infrarad straling — IR termometer
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LDR - Light Dependent Resistor



Maling av strekk og trykk

« Strekk (strain) er deformasjon av et materialet, enten i form av en
ekspansjon / forlengelse eller en kompresjon, forarsaket av krefter som

virker pa materialet

Hvis en metallplate bayes far vi en ekspansjon pa oversiden (tensile
strain) — og en kompresjon pa undersiden (compressive strain)

* En strekklapp (strain gauge) er en meget lang og tynn ledning/stripe av
motstandsmateriale som er festet (bondet) til objektet hvor man gnsker a

male belastningen

- L ~AL| — S —

(b) Strain occurs when the flat plate is bent, causing the upper
surface to expand and the lower surface to contract.

(a) Strain occurs as length changes from L to L + AL when force is applied.
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Maling av strekk og trykk

e Nar gjenstanden pavirkes av en vytre kraft vil det skje en liten deformasjon.
Strekklappen vil f& en proporsjonal deformasjon — og motstanden endres
tilsvarende

e Gauge Factor (GF) er et uttrykk for forholdet mellom endring |
motstandsverdi og forholdet mellom endring | lengde langs strekklappens
akse

Half-bridge strain gauge circuit

strain gauge
(stressed)

strain gauge
(stressed)

R
1
R % -
2
R
R R
AN
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Maling av strekk og trykk

Den fraksjonelle endring i lengde (AL/L) har fatt betegnelsen strain (€) og er ofte
uttrykt i part pr. million, kalt microstrain (ueg)

Gauge Factor GF = (AR/R) / (AL/L)

Strekklapper endrer motsandsverdi nar de deformeres. De brukes derfor ofte |
brokoplinger - eller i konstant-strom-drevne kretser (se figurene under)

Tjeldsundbrua har festet 15 cm lange
strekklapper til betongen

12



Maling av strekk og trykk

* Trykktransdusere / sensorer - er komponenter som endrer motstandsverdi
proporsjonalt med endringen i trykk

« Trykkfalsomheten oppnar vi ved a feste (bonde) en strekklapp til et fleksibelt
diafragma

Strain gauge Diaphragm

\ p /
\\\ ",' /

Haollow pressure

—— Pressure port 1

chamber
Pressure
(@) Basic pressure gauge construction {b) With no net pressure on diaphragm, (c) Net pressure forces diaphragm to
strain gauge resistance is at its nominal expand, causing elongation of the
value (side view), strain gauge and thus an increase in

its resistance.
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Maling av strekk og trykk

« En absolutt trykkmaling maler trykk relativt til vakuum
« En “normal” trykkmaling maler ofte trykk relativt til omgivelsene.

(ambient pressure)

 En differensiel trykkmaling maler relativ trykkforskjell mellom to tilfgrte

trykk

, Strain gauge Vacuum
Diaphragm /

Applied pressure

alll

Circuitry is included in
some pressure transducers

(bridge, amplifier
power supply.)

(a) Absolute pressure transducer

Ambient pressure l

Strain gauge

Applied pressure

(b) Gauge pressure transducer

Strain gauge

Applied pressure |

Applied pressure 2

(¢) Differential pressure transducer

Illl\
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Trykk og flow rate (stremning)

Stromning (flow) av veeske eller
gass gjennom et ror kan males
vha to trykkmalere.

Vivet at P4V = P,V En liten
innsnevring pa roret vil skape en
trykk-differans. Volumet som

passerer ma vaere det samme |
begge deler av roret.

Trykkdifferansen gir indirekte et
uttrykk for flow. (Volum pr.
tidsenhet)

Hastigheten oker og trykket
reduseres (Venturi - prinsippet)

Pitot tube

itput voltage
proportional to

15



Maling av posisjon/forskyvning
Displacement sensor

Linear variable differential transformer (LVDT)

Objektet som skal overvakes kopes til en bevegelig jernkjerne (som
vist pa figuren under). En forskyvning av jernkjernen i
transformatoren vil endre induksjonsforholdet til de to spolene pa
sekundaersiden. Dette kalles en “Linear variable differential
transformer (LVDT)”

Nar kjernen beveger seg ut fra senter - vil den ene av de 10
sekundeasrspolene fa hoyere spenning enn den andre. Hvilken som
blir sterst forteller retninge pa forskyvningen (displacement)

Demodulator Vout

LVDT A /

= S . :
g /
Lo Vo /

Displacement

-

Primary Secondaries

(a) Diagram of LVDT (b) Response
16



Maling av posisjon/forskyvning
Displacement sensor

Displacement transducere (sensorer) er ofte bygget opp av optiske eller
kapasitive elementer.

« Fotoceller kan observere endring i refleksjon pa en bevegelig skive.

« Kapasitive sensorer kan gjores meget falsomme for bevegelse. Kapasiteten

bestemmes av arealet og avstanden mellom platene. Den ene plata kan
veere det folsomme elementet i sensoren. For eksempel membran i en

kondensatormikrofon

Membran
) Fiber-optic probe Fast elektrode
From light source |
g }

e i . ,
T 13 g P Surface . %
[o hight dclcclur//--"___ ol GEIAN  eeale B oL - S | mmmee-- >
S - Signal
a— I

/

Spenningskilde

Lydbgalger

(trykkbalger) Heypassfilter



Piezo-electric Materials
Ultrasound transducers

Tension

Compression

4

+ |t
+ pI

Bl

=4

Lead Zirconate Titanate (PZT)




Piezo-electric Materials
Ultrasound transducers

Range sensor
for cars

Liquid or gas

Piezoceramic transducer
(transmitter / receiver)

Flow measurements

Ultralyd vindmalere




Side Scan Sonar

Sub Sea Technology - linear array of transducers

———

goulder®- sand,

—_—




Seismic mass

Maling av hastighet

HASTIGHETSTRANSDUCERE

— Optisk registrering/telling av hull/menstre pa roterende skive

— Direkte mal av vinkelhastighet kan bli gjort med en roterende
spole i et magnetfelt. Maler indusert spenning.

— Akustisk maling av doplerskift pa reflektert lyd

Akselerometer — mange muligheter

— Maler relativ forskyvning av masse

— Maler fordeling av konveksjonsvarme i gass

l
00000
|
| AT
~ 00000
| AM——o
| g
{ |
i1
g

g <]
O
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Norsk mikrofon teknologl
Utviklet av Sintef

Microphone membrane
Silicon substrate

Diftractrve lens

Glass substrate

Photodetectors

Mikrofonen benytter optisk diffracksjon og interference for a male
membranen sine bevegelser med en ngyaktighet mindre enn
diameteren pa et atom.



Termokopling
Termisk generert spenning

Termisk energi konverteres direkte til elektrisk energi ved Seebeck effekt — storst
effekt ved bruk av halvledere.

Setter vi en radioaktiv kilde inn i en beholder som stopper/absorberer stralingen
— blir beholderen varm. Denne varmen kan brukes til produksjon av strem.
Anvendes ofte i romsonder som sendes vekk fra Jorda. For eksempel | Voyager
(1977) — tre termogeneratorer produserer fortsatt ca. 400 watt — etter 34 ar.
Avstand 2011 ca 1,78 x10'° km — signalene bruker ca. 16 timer pa veien il
Jorda. Regner med kontakt fram til ca. ar 2020

GPHS-RTG
Aluminum Outer  Active Cooline Sysem—— Bilde viser en termogenerator som er
Cooling Tubes Shell Assembly (ALS) Mani 0)( . b k't . ﬂ f -t .
o S()u-rcc Gas Management (icngru] Purpose Rc{izcl:\[g;lcr\cicc ru | Tiere far @yer
Tepen " Assembly s Pioner 10,11 Voyager 1,2 Galileo,

Ulysses og Cassini

—- ] — 2012 — Oportunity - Mars rover
"mmm.w_ =u ot‘t‘ =

e /:s\____— :

=t Radioaktiv isotop:
Plutonium halveringstid 87,7 ar

— » _ Midspan Heat
Silicon-Germanium Source Support
(S1-Ge) Unicouple

RTG Mounting
Flange Multi-Foil
Insulation
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http://upload.wikimedia.org/wikipedia/commons/0/03/Cutdrawing_of_an_GPHS-RTG.jpg

Voyager 1 ~ beveger seg vekk fra jorda med ca. 17 km/sek
Skutt opp 5. sept. 1977 722 kg - Avtand fra Jorda 1,78 x 10" km oktober 2011

Vulkanutbrudd pa lo Jupiters atmosfaere - den rade flekk

Voyager har sendt oss en rekke fantastiske bilder

Deep Space Network
holder kontakt.

Bilde viser en
70 m antenne i
Goldstone California

Signalet bruker na
16,12 timer
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http://en.wikipedia.org/wiki/File:Jupiter_from_Voyager_1.jpg
http://en.wikipedia.org/wiki/File:Vulcanic_Explosion_on_Io.jpg
http://voyager.jpl.nasa.gov/imagesvideo/imagesofvoyager.html

Curiosity - termisk generert spenning - Isotop - 4,8 kg

plutonium produserer 125 watt. Etter 14 ar vill effekten
reduseres til 100 watt

Curiosity landet pa Mars 6. august 2012, kl. 05:17:57.3
Verdens mest avansert «<Remote sencing» laboratorium

—— - - S —— - »
3 g — e o ‘
S — — )
T

Autonomous navigation software
innovations that enable rovers to drive

s without human intervention to a desired
- | |ocation

Chemistry & Mineralogy X-Ray Diffraction
ChemCam

Sample Analysis at Mars Instrument Suite
Radiation Assessment Detector

Dynamic Albedo of Neutrons

Rover Environmental Monitoring Station
Alpha Particle X-Ray Spectrometer



//upload.wikimedia.org/wikipedia/commons/5/57/MSL_concept_February_2007_-_PIA09201.jpg
http://mars.jpl.nasa.gov/msl/images/msl20100916_D2010_0831_T020-fi.jpg

