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Percobaan Coulomb




Hukum Coulomb

* Penentuan Coulomb
— Gaya tarik menarik jika muatan berbeda tanda

— Gaya sebanding dengan perkalian muatan q, dan g,
sepanjang garis lurus yang menghubungkannya

— Gaya berbanding terbalik dengan kuadrat jarak

e J.e.
— [F o] o |Q]1Q,] / 1},

— atau
— [Fo=k(Q,11Q, / 1)5?



Hukum Coulomb

e Satuan untuk konstanta ditentukan dari hukum

Coulomb
e Coulomb telah menentukan konstanta in1 dalam satuan

SI
— k=28.987.5x10° Nm?C-?

* k secara normal dinyatakan sebagai k = 1/4ng,



Bentuk vektor hukum Coulomb
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Kuis

Objek A bermuatan +2 uC dan Objek B
bermuatan +6 uC. Pernyataan manakah yang
benar ?

D e AR, =-3F,

// * Bl Fag=Fga
« C: 3F,5=-Fg,

o D: Foy=12Fg,



Contoh Soal ( Penerapan Vektor dalam Hk. Coulomb )

Let us illustrate the use of the vector form of Coulomb’s law by locating a charge of
Q1 =3 x 107* Cat M(1, 2, 3) and a charge of @, = —107* C at N(2,0, 5) in a vacuum.
We desire the force exerted on Q, by Q.

Solution. We shall make use of (3) and (4) to obtain the vector force. The vector Rys 1s
Re=n-n=2-1a;+0—-2)a, +(5—-3)a; =a, —2a,+2a.
leading to |Ry2| =3, and the unit vector, a2 =+(a, — 2a, + 2a.). Thus,
3x 1074%=10"%) (ax —2a, + 23_.)
4n(1/36m)107% x 32 3
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Gaya dar1 banyak muatan

Superposisi



Prinsip
superposisi

Gaya dar1 banyak muatan

Gaya pada muatan
adalah jumlah vektor
gaya darl semua muatan
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Coulomb's Law (demonstrated in 1785) shows that charged particles
exert forces on each other over great distances.

How does a charged particle "know" another one 1s “there?”



Faraday, beginning in the 1830's, was the ledder 1n devel
of the electric field. Here's the 1dea:

¢ A charged particle emanates a "field" into

all space.

e Another charged particle senses the field,
“knows” that the first one is there.

unlike
charges
like attract
chafges
repel




We define the electric field by the force it exerts on a test charge qy:

E
d

E:

This is your second starting equation. By convention the direction of the electric field is the
direction of the force exerted on a POSITIVE test charge. The absence of absolute value signs
around q, means you must include the sign of q, in your work.

If the test charge 1s "too big" i1t perturbs the electric field, so the
“correct” definition 1s

—

E — 1 0 You won’t be required to use this
ln% version of the equation.
%
do d 0

Any time you know the electric field, you can use this equation to calculate the force on a
charged particle in that electric field. F=qE




The units of electric field are Newtons/Coulomb.

:qo] C

Later you will learn that the units of electric field can also be
expressed as volts/meter:

The electric field exists independent of whether there 1s a charged
particle around to “feel” it.



Remember: the electric field direction 1s the direction <
a + charge would feel a force.

A + charge would be repelled by another + charge.

Therefore the direction of the electric field 1s away from positive (and
towards negative).



Coulomb's law says

B ‘q1q2‘
F12_k 3

12

... which tells us the electric field due to a point charge q 1s

E =k@ , away from + ...or just... E=k@

T r r

This 1s your third starting equation.




We define ms a unit vector from the source point to the field point:

source point

‘f/‘

ﬁeld'point

The equation for the electric field of a point charge then becomes:

You may start with either equation for

- J - the electric field (this one or the one on
E=k — T the previous slide). But don’t use this
I one unless you REALLY know what

you are doing!



Writing these expressions in cartesian coordinates for a charge Q at
the origin, we have R=r =xa, 4+ ya, +za. and ag = a, = (xa, + ya, + za.)/

VX2 4 32 + z2; therefore,

0 x y
E= S ~ ~ ay+ a, + a-
47!'60(.\" 2 1P ik 3') \/}2 + }72 4+ 22 ’ \[\'2 -+ _}'2 + 22 ! ﬁz <+ _}"2 + 22

If we consider a charge which is nor at the origin of our coordinate system,
the field no longer possesses spherical symmetry (nor cylindrical symmetry,
unless the charge lies on the z axis), and we might as well use cartesian co-
ordinates. For a charge Q located at the source point r’ = x"a, + ya, + z'a_,
as illustrated in Fig. 2.2, we find the field at a general field point r = xa,+
va, + za. by expressing R as r —r’, and then

Q0 r-v  ou-r) _ Olx—x)ac+y—1)a +( —2)al
dreplr — ' Ir —=r'|  dmeolr — ' dreg[(x — .\")2 +(y - y’)2 +(z - ::’)2]3/2

E(r) =




Origin

FIGURE 2.2

The vector r’ locates the point charge Q, the
vector r identifies the general point in space
P(x,y, z), and the vector R from Q to Ax,y, 2)
iSthen R=r-r’.



A charged particle in an electric field experiences a force, and if 1t 1s
free to move, an acceleration.

If the only force 1s due to the electric B X
field, then

ZF:maqu. -

IfE is constant, then a is constant, and you can use the equations of
kinematics.



Example: an electron moving with velocity v, in the positive x
direction enters a region of uniform electric field that makes a right
angle with the electron’s 1nitial velocity. Express the position and
velocity of the electron as a function of time.




The Electric Field
Due to a Collection of Point Charges

E(r)



The electric field due to a small "chunk" Aq of charge 1s

- 1 Aq,\

AE = —T
dme, 1 \

unit vector from Aq to
wherever you want to
calculate AE

The electric field due to collection of "chunks" of charge 1s
AQ. ~
Z AE Z 0211 Ii

4rme, I, \

As Ag—>dg—0, the sum becomes an integral.

unit vector from Aq; to
wherever you want to
calculate E



Contoh soal:

In order to illustrate the application of (13) or (14), ket us find E at P(1,1, 1) caused by
four identical 3-nC (nanocoulomb) charges located at Py(1,1,0), Py(-1,1,0),
P3(—1, —1,0), and Py4(1,—1,0), as shown in Fig. 24.

Solution. We find that r=a,+a, +a., r = a, +a,, and thus r —r; = a.. The magni-
tudes are: [r—ny| =1, [r—=r =5, Ir—r3| =3, and |r —rg] = /5. Since Q/4meg =
3x 107%/(47 x 8.854 x 107'%) = 26.96 V - m, we may now use (13) or (14) to obtain

. a. 1 2a,+a. |1
E=2696|——+— - +
[l b 5 (Vo)

|
R N (J§)2]

or
E = 6.82a, + 6.82a, + 32.82. V/m



