Przedmiot i metodologia fizyki

* Swiat zjawisk fizycznych

* Oddziatywania fundamentalne
i czqstki elementarne

* Wielkosci fizyczne
* Uktady jednostek

* Modele matematyczne w fizyce
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Fizyka jest podstawowq naukq przyrodniczq,
zajmujacq sie badaniem najbardziej
fundamentalnych i uniwersalnych wtasciwosci
materii i zjawisk w otaczajqacym nas Swiecie

.Nasza wiedza o Swiecie fizycznym
dzieli sie na dwie kategorie: prawa
przyrody i warunki poczqtkowe.
Fizyka w pewnym sensie nie interesuje
sie warunkami poczqtkowymi,
pozostawiajac je badaniom
astronomow, geologow, geografow,

i tak dalej.”

Eugene Wigner




Najbardziej
niezrozumiale jest
to, ze wszechswiat
mozna zrozumiec.

Albert Einstein




Oddzialywania fundamentalne

Oddzialywanie Natezenie Czas
wzgledne charakterystyczny

grawitacyjne 5,9.10-3° _
elektromagnetyczne 7,310 10720 - 1016
stabe 10-° 10-10-108

silne 1 1024 -1023




F,=Gmmy/r> - prawo grawitacji

F,=Q,Q,/4ne 12 - prawo Coulomba [g, = 9-10-12 C2N-'m]

Stosunek sit oddziatywania elektrostatycznego 1 grawitacyjnego
dwoch elektronow

F/F, = e*/dng Gm?* = 2,5.10°%/12,6 - 9-10°12 - 6,7-10-11 - 10-°0 = 4.10%

Grawitacja nie odgrywa zadnej roli w mikroswiecie



Leptony Kwarki

Czastki elementarne (2001)

[e1ZPPo D{IUSON

4

UBMA

Generacje

Wiemy, Ze
kazdy kwark
wystepuje
w trzech kolorach.
Istniejq tylko
trzy generacje
kwarkow i leptonow.

Przypuszczamy,
ze kwarki i leptony
nie majq struktury.




Wielkosci fizyczne - wlasciwosci cial lub zjawisk, ktore
mozna porownywac ilosciowo z takimi samymi
wlasciwosciami innych cial lub zjawisk

Pomiar wielkosci fizycznej polega na jej porownaniu
z wielkoscig tego samego rodzaju przyjeta za jednostke

Pomiary fizyczne sg zawsze obarczone bl¢dem



Jednostki podstawowe ukladu Sl

jednostka dlugosci metr (m)
jednostka masy kilogram (kg)
jednostka czasu sekunda (s)
jednostka natezenia pradu amper (A)
jednostka temperatury kelwin (K)
jednostka natezenia Swiatla kandela (cd)

jednostka iloSci (licznosci) materii mol (mol)



Przedrostki dla jednostek wielokrotnych i podwielokrotnych

yotta 104 Y decy 101 d
zetta 1021 Z centy 102 ¢
exa 1013 E mili 103 m
peta 105 P mikro 10
tera 1012 T nano 10° n
giga 10° G piko 10-2 p
mega 106 M femto 1.5 f
kilo 10° Kk atto 10-18 a
hekto 102 h zepto 1021z
deka 10 da yokto 10-# y




Niektore wazne state fizyczne (2000)

predkosc swiatta w prézni ¢ 299792458 m s™! definicja
stata Plancka h (6,62606876 + 0,00000052) 1034 J s
masa elektronu m, (9,10938188 +0,00000072) 1073 kg =
(0,510998902 + 0,000000021) MeV/c?
tadunek elektronu e (1602176462 + 0,000000063) 109 C
liczba Avogadry N, (6,02214199 + 0,00000047) 1023 mol!
stata Boltzmanna k (1,3806503 + 0,0000024) 1023 J K!

stata grawitacji G (6,673 £0,010) 101! m3 kg1s2



Europhysics News (2000) Vol. 31 No. 4

Determination of the
gravitational constant G by
means of a beam balance

F. Nolting, J. Schurr, St. Schlamminger, and W. Kiindig Physics
Institute, University of Zurich, Ziirich, Switzerland

At the end of 1999, an international committee (the CODATA) decided tc i ' T ' ' '
increase the uncertainty of the accepted value for the gravitational ‘ * : CODATA 2000
constant from 128 ppm to 1500 ppm. This remarkable step of increasing : e mercury;1998
the uncertainty instead of decreasing was made to reflect the discrepancies , e water 1?98 Rich ¢ al. 1098
between recent experiments. These experiments were originally performed : } . . lf Srilﬁjv;ae't al. 1998
with the aim to improve the accuracy of G, since even before increasing its oI Luo et al. 1998 |
uncertainty the gravitational constant had a very large uncertainty e | Kleinevoss et al. 1998
compared to that of other fundamental constants. The confusion started in of Fitzgerald et al. 1998
1995 when three groups published their results, which span a wide range He-{ Fitzgerald et al. 1998
of 0.7% (see Figure 1) — for reasons which remain unknown. The device § '/ Luther et al. 1997
most often used for measuring G is the torsion balance of Cavendish in sl Karagioz et al. 1996
one of its various forms, and 1998 was the 200 anniversary of the e Walesch et al.|1995
publication of his paper entitled “Experiments to determine the density of Michaelis et al. 1995 !
the Earth”. '~ le| Fitzgerald et al. 1995

— 4 Cornaz et alé 1993

In the present experiment, a completely different and conceptually very te1 CODATA 1986
simple approach is chosen. Using one of the world’s most precise beam ‘ ' — ' ' )
6.66 6.67 6.68 6.69 6.7 6.71 6.72

balances, the weight difference of two test masses is changed by the
gravitational force of two movable tanks filled with a liquid of known
density and measured with a sensitivity of 10-11. From the measured

G [10_1 ! m3kg'ls_2]

Fig 1 Recent measurements of the gravitational constant. The data points
labelled “mercury” and “water” are the preliminary results from our
experiment. The measurement made by Cornaz et al. is a result from our
previous experiment at the Gigerwald storage lake, and the point labelled
“CODATA 2000 is the presently accepted value.
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A New Determination of G Using Two Methods

T.J. Quinn,"* C.C. Speake,” 8.1, Richman,"' R.8. Davis,' and A. Picard'
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W presenl the resulls of 3 mensurement of & maide with o torsion-strip balance wsed in b substan.
tially ndependent ways, The two resulls agree 10 willin (heir respective uncertaistics, the I.'L'I:I".T]HI.H!:I
cocfficient of the two methods is —0,18, The result is G = 6,673 39(27) = 107" m* kg~ 577 with a
standard wncertainty of 4.1 parts in WY, Cur result is 2 parts in 1 hipher than the recemt result of

Ciundlach amd Merkowiiz.

DO doL i PhysReviet 57001010

There has in recent years been considerahle uncenainty
as b the corect value of the Newtonian gravitational con-
stant, Cr, despite precicion measurements extending back
two centurics [1,2]. We note in particular the value from
Michaclis er al. [3] of the FTE {(Braunschweig) that dif-
fered From the 1986 CODATA valee by 100G = 00085,
There is still no explanation for this large discrepancy, al-
l|'|n|:lug:l1 wi presen| hazre e T!i!ﬁ!i.hlt.‘ et thar could have
bed wo am error of this magnitode. A number of recent pa-
pers [24] give values rher closer o the OODATA villise,
particularly the paper by Gumdlach and Merkowitz that
gives a result with the very low uncenainty of 14 parts
per million (ppm). We repon here a new determination
of G, which has a standard uncertainty of 41 ppm, Chur

PACS mumbers: 04 80.Cc, (6. 20r

aluminum-alloy disk suspended from the worsion strip in-
siide @ vacuum chamber.

The torsion strp s made From Cu-1.8% e dispersion-
hardencd  alloy  of  thickness = ¥ um, width
b= 2.5 mm, and kngth L = 160 mm. Tt is loaded to
S00 MPa, abouwl B0% of is yield swrength. The worsion
constant, ¢. is given by ¢ = be'F/3L + Meb*/12L,
where F ois the sl o S )
the local gravitatic T T T T
segomd (gravitation
{elastic) term, whic
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FIG. 3. The present result compared with measurements of G
published since 1997 [13].
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Measuring the Spring Constant of a Single Polymer Chain

H. Jensenius and G. Zocchi

Center for Chaos and Turbulence Studies, Niels Bohr Institute, Blegdamsvej 17, 2100 Copenhagen (), Denmark
(Received 8 July 1997)

We present a measurement of the mechanical properties of single polystyrene molecules of size
R = 50 nm. Using a micromechanical technique, we show directly that the polymer chain behaves
like a spring, and we measure the spring constant. We examine both cross-linked and non-cross-linked
polystyrene. The former forms a stiffer spring, and the value of the spring constant is in agreement with

theory, while in the latter case the measured value is larger than expected.

PACS numbers: 61.41.+e¢

The center of mass of a molecule is solution performs a
random walk. But can the intramolecular degrees of free-
dom also realize a random walk? A long, flexible polymer
molecule does just that, with some complications. The
walk is self-avoiding, which means that interactions be-
tween monomers far apart along the chain are important;
this gives rise to an excluded volume per monomer which
depends on the quality of the solvent, and so on. The stat-
ics of polymer conformation is, therefore, far from trivial,
but many important results can be established in terms of
simple scaling arguments [1]. The dynamics is more diffi-
cult, and the mechanism of such effects as the drag reduc-
tion caused by polymers in solution is still being debated
{2]. Experimentally, a direct way to probe the relaxation
modes of polymer chains is in principle provided by dy-
namic light scattering, which measures a time dependent
correlation function Siuch exnernmente are however not

[S0031-9007(97)04848-5]

present a direct measurement of the spring constant K of
a single polystyrene coil of size R = 50 nm.

Our technique is mechanical, and works as follows.
A micron size sphere in water is tethered to a solid
surface (glass plate) by a polymer chain. The sphere,
thus, performs a confined Brownian motion. The potential
which confines the sphere is determined by measuring the
probability distribution of the excursions of the sphere
away from its average distance from the plate. We find
that the potential is a parabola, so the molecule linking
the sphere to the surface behaves like a spring, and we
can measure the spring constant.

While particles tethered to surfaces by polymer chains
have been studied before [10-12], the length of the tether
was in those cases 1 to 2 orders of magnitude larger; here

we probe the mechanical properties at the usual molecular
crale AF nannametere Woe Aty Aocrr e MmITe 11 et 1o 1 o b e



Przyklady bl¢gdow pomiarow
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~W kazdym wysoce precyzyjnym uktadzie
doswiadczalnym wystepuje poczatkowo szereg
trudnosci aparaturowych, ktére prowadzq do
uzyskiwania wynikow liczbowych znacznie
odbiegajacych od przyjetej wartosci wielkosci
fizycznej podlegajacej pomiarom. W zwiazku

z tym badacz poszukuje zrodta lub zrédet btedow
¢ i szuka ich tak dtugo, az uzyska wynik bliski
wartosci przyjetej za obowiqzujaca, Wowczas

izsl zaprzestaje poszukiwan |
2= W ten sposob mozna wyjasni¢ duzq zgodnos¢

wielu roznych wynikéw oraz dopusci¢ mozliwos¢,
Ze wszystkie te wyniki obarczone sq
nieoczekiwanie duzym btedem systematycznym."
Ernest Lawrence (1939)



Modele matematyczne w fizyce

sytuacja fizyczna

»| model matematyczny

symulacja
zagadnienie fizyczne intuicja q rozwiazanie fizyczne
konstrukcja interpretacja
modelu rozwiazania
matematycznego matematycznego
zagadnienie > rozwigzanie
matematyczne matematyka matematyczne
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Przyklad: badanie zaleznosci okresu wahadla od jego dlugosci
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T w sekundach

Przyklad: badanie zaleznosci okresu wahadla od jego dlugosci
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Model opisowy

ruch wahadla

l

Szukanie zaleznosci
funkcyjnej

r=f)

krzywej

— | T[s]=2.0 [—S ] Vi[m]
v m
interpretacja
rozwiazania
dopasowanie
— T=kV(l)




Bledy przypadkowe
pomiarow
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Rozklad normalny
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Interpretacja rozkladu normalnego bledow pomiarow

0 x x+dx X

P(X + dx, X) =y dxX - \
( )= R
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Model przyczynowy

ruch wahadla

l

model wahadta
matematycznego
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interpretacja
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Znalazlem wreszcie rozwigzanie! Zebym sobie jeszcze
tylko przypomnial o co tu chodzilo



Eksperyment myslowy Newtona,
w ktorym zarysowana jest idea
sztucznych satelitow Ziemi
(System of the world)




KLASYCZNA

KWANTOWA

(1/¢) = 1/(3s108 m s) ——
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