


Sahkodvaraus

« Sahkdvaraus on kappaleen perustavanlaatuinen ominaisuus siina missa

massakin!

« Sahkdvaraus aiheuttaa sahkodisen vuorovaikutuksen (vrt. massa ja

painovoimay)

(a) Interaction between plastic rods rubbed

on fur

Plain plastic rods neither

attract nor repel each

other ...
\or o

Fur Plastic
... but after being
rubbed with fur,
the rods repel

4 each other.

oo \
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(b) Interaction between glass rods rubbed

on silk

Plain glass rods neither

e

attract nor repel each
N
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other ...
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Silk Glass

X
: ... but after being
rubbed with silk,
the rods repel
each other.
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(c) Interaction between objects with opposite

charges

The fur-rubbed plastic
rod and the silk-
rubbed glass rod

attract each
other ...

... and the fur and silk
each attracts the rod it
~rubbed.
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SahkoOvaraus ja aineen rakenne

6 Most of the
atom’s volume
10 ;3= is occupied
sparsely by
electrons.

Tiny compared with the
Nucleus rest of the atom, the

nucleus contains over

99.9% of the atom’s mass.

: Positive charge
Mass = 1.673 X 1077 kg

Neutron: No charge
Mass = 1.675 X 10?7 kg

S Electron: Negative charge
Mass = 9.109 X 103! kg

The charges of the electron and
proton are equal in magnitude.
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SahkoOvaraus ja aineen rakenne

@ Protons (+) Neutrons
® Electrons (—)

(a) Neutral lithium atom (Li): (b) Positive lithium ion (Li*): (c) Negative lithium ion (Li™):
3 protons (3+) 3 protons (3+) 3 protons (3+)
4 neutrons 4 neutrons 4 neutrons

3 electrons (3—) 2 electrons (2—) 4 electrons (4—)
Electrons equal protons: Fewer electrons than protons: More electrons than protons:
Zero net charge Positive net charge Negative net charge
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SahkoOvaraus ja aineen rakenne

Kappaleen sédhkdvaraus on kvantittunut, ts., se on alkeisvarauksen
(protonin tai elektronin varaus) moninkerta +e,t+2e,+3e,...

« Kappaleen varautuminen hangattaessa ymmarretaan nyt aineen
atomirakenteen avulla

« Hangatessa elektroneja siirtyy kappaleiden valilla

« SahkoOvarausta ei synny, vaan

Sahkovarauksen kokonaisméaara suljetussa systeemissa pysyy
vakiona!




Kappaleiden varaaminen varauksia siirtamalla

Aineita, joissa elektronit siirtyvat vapaasti | i
nylon threads
sanotaan johteiksi

T Charged
© . plastic rod

T > X
. . . . Ny .. . Metal C(.)ppcr <
Aineet, joissa eletkronit eivat siirry vapaasti b i
. .y |
San Otaan erlstelkSI T'he wire conducts charge from the negatively

charged plastic rod to the metal ball.

(b)
Viereinen koe osoittaa kuparilangan olevan johde

/ A negatively charged
plastic rod now repels
the ball ...

Jos kuparilanka korvataan vaikka kuminauhalla tal
muovinarulla, mitaan ei tapahdu = Nama aineet
ovat eristeita. ©

Charged
plastic rod

... and a positively
charged glass rod

attracts the ball
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+
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Charged g

glass rod




Kappaleiden varaaminen indusoimalla

Electron Electron buildup
Metal deficiency

ball Negatively
charged = ' Negative

charge in

Insulating __ rod = -
ground

stand

Ground
(a) Uncharged metal ball (b) Negative charge on rod (c) Wire lets electron build- Vire r (e) Rod removed;
repels electrons, creating up (induced negative a y electrons rearrange

zones of negative and charge) flow into deficient region of themselves, ball has
positive induced charge. ground. positive charge. overall electron
deficiency (net

hositive charge).
[ p




Sahkoiset voimat varaamattomissa kappaleissa

» Miksi sahkoisesti neutraali paperin pala tarttuu varattuun kynaan?

« =» Paperin molekyylit tai atomit polarisoituvat

(a) A charged comb picking up uncharged
pieces of plastic

(b) How a negatively charged comb attracts an
insulator

Electrons in each
molecule of the neutral
insulator shift away
from the comb.
i Negatively
charged comb

As a result, the

(+) charges in each

molecule are closer to

the comb than are the (—)
charges and so feel a stronger
force from the comb. Therefore

the net force is attractive.

(c) How a positively charged comb attracts an
insulator

This time, electrons in
the molecules shift

toward the comb ...

Positively
charged comb

.. 80 that the
) charges in each
molecule are closer to

the comb, and feel a
stronger force from it, than
the (+) charges. Again, the net

force is attractive.



Coulombin laki

* Charles Augustin de Coulomb tutki v.
1784 varausten valisid voimia
torsiovaa’alla ja paatyi kaavaan, joka
tunnetaan Coulombin lakina.

* (Myb6hemmin 1798 Henry Cavendish
kaytti vastaavaa laitetta gravitaation
tutkimiseen).




Coulombin laki

Charles Augustin de Coulomb tutki v. 1784 varausten valisia voimia torsiovaa’alla ja paatyi
kaavaan, joka tunnetaan Coulombin lakina.
(My6hemmin 1798 Henry Cavendish kaytti vastaavaa laitetta gravitaation tutkimiseen).

(b) Interactions between point charges

Charges of the
,_same sign repel.

Cts ~ —y

: F1 9

rged > g on?2
o - = F ; 612

ball
lastic
on

) Charges
ction.

/\ of opposite
6\ sign attract.
q1 \/




Coulombin laki

|CI1Q2|_ 1 |g19:]

F=k »
e Aty 1?2

Verrannollisuuskertoimen arvo riippuu yksikkojarjestelmasta!
Sl-jarjestelméassa varauksen yksikkd on 1 C (coulomb)
>

2
Nm
k = 8.987551787 x 10° ~ 9.0 x 10° Nm? /(2

CZ
HUOM! Fysiikan kaavakokoelmassa k on Boltzmannin vakio (ei liity
mitenkdaan Coulombin lakiin!) = Parempi muistaa, etta

1 C2
, & = 8.8541878 X 10712 —
4me, Nm?2

k =

ESIMERKKEJA



ESIMERKKEJA



Superpositioperiaate
Voima on vektorisuure < silla on suuruus ja suuntal!

Jos kappaleeseen vaikuttaa monta voimaa, saadaan kokonaisvoima
niiden vektorisummana

= - - =
FkOk = Fl + Fz + F3 +
Vektorisummaa laskettaessa jokainen komponentti lasketaan erikseen:

X Fkok,x > Fl,x +F2,x +F3,x T

V. Fkok,y — Fl,y + Fz’y + F3,y + -

Esimerkkeja



Sahkokentta

* Varausten vuorovaikutusta voidaan kuvata katevasti sahkokentan

kasitteella.

« Jokainen sahkoévaraus luo ymparilleen sahkokentan E

(a) A and B exert electric forces on each other.

90

... and label its former
position as P.
e
P

(c) Body A sets up an electric field E at point P.

Test charge g,

E is the force per unit
charge exerted by A
on a test charge at P.

o - .

+ " + E (due to charge Q)
+ +

+ +

The force on a positive test charge g, points
in the direction of the electric field.

F, 0 E E (due to charge Q)
4

S qo

The force on a negative test charge g, points
opposite to the electric field.




Sahkokentta

Varausten vuorovaikutusta voidaan kuvata katevasti sahkokentan
kasitteella.

Jokainen sahkovaraus luo ympérilleen sahkokentan E

Kun tahan kenttaan laitetaan pistevaraus q

sithen kohdistuu voima

F =qE

=» Sahkokentta voidaan siis maaritella voimaksi varausyksikkoa kohden

Sahkokentan yksikko on talléin N/C (newton/coulomb)



Sahkokentta

« Varaus g aiheuttaa varaukseen g, voiman, : :

Unit vector r points from

jonka suuruus on

source point S to field point P.

1 qq

« Maaritelman mukaan varauksen gq - P
séhkdkentan voimakkuus on siten " ATENPIILE TR Blecs
: field set up by an isolated positive point

charge g points directly away from the
FO 1 q charge in the same direction as r.

* Vektorina sahkokentta on

E

1 q ,. = F

4-7'[80 7"2 At each point P, the electric
S field set up by an isolated negative point
charge ¢ points directly toward the
charge in the opposite direction from r.
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Sahkokentta

(a) The field produced by a positive point
charge points away from the charge.

« Sahkokentta el ole yksittadinen vektorisuure,

kuten esim. tietyssa pisteessa vaikuttava \ t /
voima, vaan se on vektorikentta 7 N 7
ts. ™~ —
vektorifunktio, joka riippuu e ® =
paikkakoordinaateista x,y,z (karteesisessa e ~
koordinaatistossa) V4 / : \ N\

> E=E@®xy2) SR o

o
Ny 7/
RNY4

AN

> b
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Sahkokentan kenttaviivat

Heldal g Field at
point P

Electric
field
line

(a) A single positive charge (b) Two equal and opposite charges (a dipole) (c) Two equal positive charges

X

"""" Field lines always point At each point in space, the electric Field lines are close together where the field is

away from (+) charges field vector is tangent to the field strong, farther apart where it is weaker.
and toward (—) charges. line passing through that point.




