Fizikai mennyiségek,
tavolsag és iddo mérése

Szabo Gabor



CivilrAa maannmnwuicAao
I ICQINCE 1111 lacs

_ mérték-
Q - {X}[X] — egység

meéroszam

Mértékegység: az azonos fajtaju (dimenzioju) mennyiségek
halmazabdl kivalasztott vonatkoztatasi mennyiségérték.
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Prefixumok

exa -
peta -
tera -
giga -
mega -
kilo -
milli -
mikro —
nano -
piko -
femto -
atto -

1018
1015
1012
10°
10°
103
103
10
107
10-12
10-15
10-18
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Fourier
[Mllal[MZ]alm[Mn]an - [M1]b1[Mz]b2---[Mn]bn
a,=b,, a,=b,,...,a.=b_

Dimenziok modszere, skalazas



A terfogat a linearis méret kobeével skalazodik




Apa vagy gyermeke talpat
szurja jobban a homok?
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A mérendé mennyiségnek az adott mennyiség
egységével (etalonjaval) torténd 6sszehason-
litasa.
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Relativ hiba
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Essen az emberi méretek tartom



Koherens mértékegység rendszerek

Alapmennyiségek = szarmaztatott mennyiségek
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megalitikus yard
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Indus volgyi kult
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Méter (egys
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1791:
A Parizson athalado délkor 40 milliomod része.

North Pole
\ B




1889: 6sméter (relativ hiba 2.10°7)




A meter definic
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1960:
A kripton altal kibocsatott fény hullam-
hosszanak 1,650,763.73-szerese (rel. hiba 103)

1983:

A fény altal (vdkuumban) 1/299,792,458 s
alatt megtett (t (rel. hiba 10-12)

(Bay Zoltan javaslata)
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Az uj definicié pontossaga

1 lightsecond ={c} meters ———————
¢ = {c} meter / second

A=c/lv meter

L=NA meter
L=cT meter
Earth
Moon
i . =
08 2x108 x10 15

Fig. 3. Illustration of the unified time-frequency-length measurement System II. The second
is defined like before (Fig. 1) by an atomic clock. The meter is defined such that 1 Light-
second = {c} meters, where {c} is an agreed upon (dimensionless) number to be established
after c is measured to the full accuracy permitted by the present meter (Fig. 2). The lightsecond
is a distance traveled by light waves in 1 second, about 3/4 distance to the moon, with an uncer-
tainty of only +-.3 mm, corresponding to about one picosecond reproducibility of the second.
Wavelength is a A = ¢/v submultiple of the meter, known as accurately as the optical frequency
v is measured. Length can be measured either as a multiple of wavelength or as ¢ multiplied
by a measured time-of-flight of light waves, T. The limit of reproducibility of the meter in

this system is the same as that of the second, about 10-12 '
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Relativ hiba ma: 101> 111
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Lézeres tavols



Lézeres tavolsagmeérés




MICHELSON INTERFEROMETER
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Napodrak (Kr.e. 3500)
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Kilincskerék (1350 koril)



Kilincskerék
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Kilincskerék (1350 koril)

Inga (Huygens, 1656) 10 s/nap !

Shortt 1921, master/slave 0,01 s/nap

Kvarcorak 104 s/nap
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A Fold tengely korili forgasa alapjan
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A Fold tengely korili forgasa alapjan

Az év alapjan

Atomora: a Cs 133-as izotopja atmeneti
periodusidejének 9,162,631,770-szerese.
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Atomorak
b
DETECTOR

CAVITY
/T

,‘ MICROWAVE T

SOURCE i ST e

LASER A SERVO

MECHANISM

MICROWAVES DIGITAL COUNTER

AND DISPLAY

FREQUENCY
DIVIDER

directed to a device that divides the frequency into usable timing pulses. Optically
pumped standards (b) use light rather than magnets to select atoms. Laser A pumps
the atoms into the right energy level, preparing them to be excited by the micro-
waves. Only atoms placed in the correct energy level by the microwaves absorb light
from laser B. They quickly reemit that energy, which is sensed by a photodetector.
An optically pumped clock using cesium atoms at the National Institute of Standards
and Technology, called NIST-7, now keeps time for the U.S. (photograph).







Az atomorak meérési pontossaganak fejlodeése

ora , frekvencia-
pontatlansaga pontatlansag
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Forras: NIST




Chip méretu atomora

Forras: NIST



,920k6” masodpercek (22 alkalom 1972 és

1999 kozott)

A kovetkezo 2005-ben !
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Peter H. Dana ¢

GPS Nominal Constellation
24 Satellites in 6 Orbital Planes
4 Satellites in each Plane

20,200 km Altitudes, 55 Degree Inclination
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Relativisztikus korrekcidok

Pontossag novelés



