Chapter 21

Electric Potential due to
Point Charges
And

Capacitors



(a) The force on charge ¢ 1s zero. No work is (b) The capacitor still has no net charge,

needed to move it from A to B, so there 1 but charge has been separated to
no potential difference between A and B. give the plates charges +( and —().
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Now, because the separated charge exerts an
electric force, the hand must do work on ¢ to
push it from A to B. The charge’s electric
potential energy increases, so there must be an
electric potential difference AV between A and B.
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Potential Difference, commonly
called Voltage

m Recall:

m E = F/q, = force per unit charge (units: N/C)

m AV = W/q, = work per unit charge (units: J/C)
m AV = AEPE/q,= W/q,= F-d/q,= E-q,-d/q,= E - d

mAV = E - d

m (true for a uniform electric field)
m Note: This solves for AV not V!



Potential of a Point Charge
m Also recall... E = F/q, = kaq,/(g,r?)
m E = Kkg/r

m Where the electric field of a positive (point) charge is
radially outward, and a negative (point) charge is
radially inward.

m AV =E-d=[kg/r?] d
mandd-=r...

mAV = Kg/r Potential DIFFERENCE of a Point
Charge at a distance r from the point charge.

m true for small r values since E (and F) varies with r

m V=kg/r >V (compared to AV)is the amount by which
the potentlal at a distance rfrom a point charge
differs from the potential at an infinite distance away.

m What is the V and r relationship? Graph shape?



Potential and Energy Conservation

A positive charge speeds up (AK > 0) as it moves

from higher to lower potential (AV < 0). Electric

potential energy is transformed into kinetic energy.
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A positive charge slows down (AK < 0) as it moves
from lower to higher potential (AV > 0). Kinetic
energy is transformed into electric potential energy.
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Particles speed up as they lose potential energy!!!




A proton is released from rest at point Q,
where the potential is OV. Afterward the
proton...

m A) Remains at rest at Q

m B) Moves toward P with a steady speed.

m C) Moves toward P with an increasing speed.
m D) Moves toward R with a steady speed.

m E) Moves toward R with an increasing speed.




A Electric Potential Energy for a Point
Charge

Recall: AV = /g, SO: AV{,

What is the U and V relationship? Graph shape?
And: W=F.d

And : F = k (g gp)/r?

So If we substitute the two last equations into each
other....

W/d = F = k (q gp)/r?

We get W = AEPE =

Note that PE depends on the interaction of a pair of
particles!!!

Note that AU can be +/- depending on g and g,
What is the U and r relationship? Graph shape?



A Electric Potential Energy for a
Point Charge

m Recall that changes in PE are not path
dependent!

m If you walk up stairs to the second floor
and another student climbs a rope, which
student obviously does more work?

m SO0 AV must not be path dependent also
because AV depends on changes in EPE
AV= /qo

m AV is always independent of path taken
between two locations.



Near g the force 1s Far from g the force is

large. To move g’ by small. To move g" by d
displacement & takes a takes little work, so
lot of work, so AU _,__ AU _,_ . is small.
is large. ™ "‘,‘
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U, = 0whengqg’is
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As g’ approaches ¢ it
gains kinetic energy and
loses potential energy.
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Voltage or Electric Potential

m An electric charge alters the space around it. Throughout
the space around every charge is a vector thing called
the electric field. Also filling the space around every
charge is a scalar thing, called the voltage or the electric
potential. Electric fields and voltages are two different
ways to describe the same thing.

Recall: AV = AEPE/q,

electron volt (eV): instead of measuring energy in
Joules we can measure energy in eV (when
energy is small).



A positive point charge, +qg on the far
Ieft creates an electric potential...

"\ Higher (uphill)
1 potential

Lower (downhill
potential

The positive test charge,
+q,(in between A & B),
experiences a repulsive
force F due to the positive
point charge +qg. As a
result, work is done by this
force when the test charge
moves from A to B.
Electric potential is higher
(uphill) at A and lower
(downhill) at B for this
positive test charge.



+300 V

. Using a zero reference
! R Dotential at infinity,
S because potential
) Il lecreases with inverse

+4.0x 1078 C
. J of distance, determine
1518 the amount by which a
(@) point charge of 4.0X108
AT C alters the electric

I potential at a spot 1.2 m
Y m4>| Pmm— o \vay When the charge

&7

(a) positive and
(b) negative.



« A point charge g alters the potential
at every location in the surrounding
space. The effect of the charge in
increasing or decreasing the

; potential is determined by whether
40x107C e the point charge, g, is positive or

negative. When compared to a

zero potential reference value

(r=00), a positive (+4.0X10-8C)

point charge raises (or increases)

the potential and a negative point
charge decreases the potential.

« V=Kkgfr=

(8.99X10°Nm?/C?)(4.0X10-8C)/(1.2m)
d =300V

BRY. (2) v = +300 V (increasing the
gl potential)

e (b) V = -300V (decreasing the
potential)




Summary
Signs of AV and direction of path relative to E

m Path going in the direction of E: Potential
is decreasing (AV< 0)

m Path going opposite of E: Potential is
increasing (AV> 0)

m Path perpendicular to E: Potential does
not change (AV= 0)



Find the electric potential at

locations A and B...
+8.0x1079¢C _8.0x107°C
A B
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m \WWhen two or more charges are present, the potential
due to all the charges is obtained by adding together

the individual potentials...




m Location A: Total V, = (V contribution from
positive charge) + (V contribution from negative
charge)

8 V), = [k(+g)/ras, | + [K(-Q)/ ras_]

y V, =[(8.99X10°Nm?2/C2)(+8.0X10-°C)/(0.2m)] +[(8.99X10°Nm2/C2)(-8.0X10°C)/(0.6m)]

nV, = +240 V

m Makes sense since A is closest to the positive

charge... increasing the total potential at point A
sV =[(8.99X10°Nm2/C2)(+8.0X10-9C)/(0.4m)] +[(8.99X10°Nm2/C2)(-8.0X10-°C)/(0.4m)]

aV; =0V
m Makes sense since point B is exactly in the

middle between two equal and opposite point
charges.



Potential and E Field

—8.0x 107 C

m There is an electric field at point B BUT
consider how much work it would take to
move a test charge from the left charge to
point B AND how much work it would take
to move a test charge from the right
charge to point B....

=V = (-W/g,) + (+W/q,) = OV!



Concept Attainment

m A single point charge raises, (+) or lowers,
(-) the potential at a given location. When
two or more charges are present, the
potential due to ALL the charges is
obtained by adding together the individual
potentials. So it is possible for potential at
a certain point to equal zero.

m Potential (voltage) is not a vector quantity
so potentials from more than one point
charge add together.




Voltage in a conductor

m Recall that the electric field inside of a
conductor is zero as seen with the scotch
tape and the aluminum can activity.

m Even though E = 0 inside a conductor at
equilibrium there is still a voltage based
on the potential from all of the charges on
the outside surface of the conductor and
this potential is uniform throughout the
conductor!



On the line that passes through these
charges, there are two places at which
the total potential is zero...

+2g—— e —q

The total potential is
zero at these points

m Total potential =0=+V + (-V) =0
m+V=-V
mV =Kkg/r .. Voq/r

O +C|/I" = -qg/r



What is the electric potential at
the point indicated below?




Answer...

mV =Kkqg,/r; + kg,/r,

mV = (9 X 102 Nm?¢/C?) [(2X10°C/0.050m)
+ (-1.0X10°C/0.040m)]

mV =140V

m Remember, Potential is a scalar quantity...
just add the potentials to get the net
electric potential!



Capacitors: store
electric charge &
electric energy
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Bnessaee = A parallel plate capacitor consists

differanse: ¥ of two metal plates, one carrying a
charge, +qg, and the other a charge
of —g. The plates are equal, but
oppositely, charged. The potential
of the positive plate exceeds that
of the negative plate by an amount
V. The region between the plates
is filled with a dielectric. When the
magnitude of g is doubled, V also
doubles...

m oV,

Metal plate
(area = A)

g = CV, where C is the capacitance; a
measure of the “capacity” for
separating and storing charge for a
given potential difference.



Voltmeter

Electric potentia
difference = V

Plate

<——— separation ———>

=d

Metal plate
(area = A)

A capacitor stores electrical
charge.

C=q/V

Units:

1 Coulomb/Volt = 1 Farad
1C/VN=1F

Usually deal with

microfarads (10°) or
picofarads (10-12) since 1
Farad is a huge amount of
capacitance for use in an
electric circuit.




Il

Positive Negative
surface charge surface charge
on dielectric on dielectric
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Capacitance,

C, is affected by the

distance between the plates, the
area of the plates, and the material
in-between the plates...

The material

in-between the plates

is called the “dielectric”. It is an
insulating material (sheet) placed

between the
(decreases) t
between the

nlates that alters
ne electric field

nlates.

The capacitance, C, increases by an

amount k over the capacitance
without the dielectric.

mC =keA/d

m K= dielectric constant; dependant on

material of dielectric

m Table 21.3 on page 698 has values
of k for different materials.



7N Electric potentia

| aiference - v C — KGOA/ d

k= dielectric constant;
dependant on material of

Sl dielectric (Table 21.3 on page
vl 698 has values of k for different
EIEEELS)

e,= 8.85X101% F/m
(And... F/m = C2/Nm?)
A = area of one plate (m?)

+ .
N . d = distance between
Sl plates (M)




Capacitors store electrical energy, U...
= W = q (V/2)
m Think of g as “the force”

m Think of (V/2) as “the average distance”... in the
beginning, it’ s easier to add charge, near the end, it’ s
harder to add charge to the capacitor.

m W = 1aqgV

m .. The work to charge the capacitor with charge g is
equal to the (electrical) energy stored in the capacitor
which, in turn, once again can do work!

] W= U= 1/2 C|V — 1/2 CV2 (q =CV) — 1/2C|2/C Cl=)
m U=nrg stored in capacitor

m V=potential difference between the plates
m g=charge on each plate



‘A computer keyboard uses capacitors...

® One common kind of computer
keyboard is based on the idea of
capacitance. Each key is mounted
on one end of a plunger, the other
end being attached to a movable
metal plate. The movable plate is
separated from a fixed plate, the
two plates forming a capacitor.
When pressed, the separation
distance changes between the
plates of the capacitor. Electronic
circuitry enables the computer to
detect the change in capacitance,
thereby recognizing which key has
been depressed.

Plunger
Movable metal plate

Dielectric
Fixed metal plate




A computer keyboard
uses capacitors...
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Plunger
Movable metal plate

Dielectric
Fixed metal plate

m The separation of the plates is
normally 5.00 X 103 m but decreases
to 0.150 X 103 m when a key is
pressed. The plate area is 9.50 X 10-
> m2, and the capacitor is filled with a

material whose dielectric constant is
3.50.

Determine the change in
capacitance that is detected by the
computer.

And the answer is...

C = ke A/d = (3.5)(8.85X10-12 F/m)(9.50 X
10> m?2)/(5.00 X 103 m) = 5.88 X 1013F

C = ke A/d = (3.5)(8.85X10-12 F/m)(9.50 X
10> m?2)/(0.150 X 103m) = 1.96 X 101 F

Change in C=5.88 X 10-33F — 1,96 X 10-11F

= 1.90 X 1011 F



