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«  Electric Potential due to Point Charges
«  Vdue to charge distributions

«  Equipotential lines and surfaces

«  Vdue to dipoles

« EfromV

«  Electrostatic Potential Energy
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Announcements

 Quiz at the beginning of the class next Monday, Sept.
26

— Covers: Ch. 21 - 23 (whatever we complete today)

 Reading assignment
- Ch.23-9
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COIL.T . OOQUIUM

Towards Petaflop Computing in Wanoscience

IDr. Yang VYWangs
Fittsburch Supercomputing Center

200 pn YWwWednesday September 21, 2005 Room 103 STH

Alhvstract

ey the last 2-5 decades thers has been significant progress in the first prnciples rmethods to
calculate the properties of materials at the guantuarm mechanics lemrel. These methods heavve largelss
beern based on the local densitsr approxdrnation (LI 70 to density functional theorss (T3F T
Howewer, nanoscisivs e places new dermands on these first principles methods bhecause of the large
nrrbers of atorns, 1n the range of thousarnds to millions of atormns, present in emeen the siroplest of
nano-stractured rmaterials. Fortunatelss. recent advances in the 10-:&]15? gself-consiztent roaltijpole
scattering (L.STvIS5) method are rnaking the dirvect quanturn pmechicanical sirmalation of pnaye-
stractured rmaterials possibls. The LSTWIS rnethod is an order-I approach to the first proinciples
elsctronic stractuars calculation. It iz khighlss scalabls on moassceslss paralls]l  processines
supercormpiaters, arvd is best smted for perdorming larze unit cell siromlations to stuadse the
el=ctronic ard roagrnetic properies of roaterals with cormplex struacture. In this preserdatiorn, I
will givee a brief introduaction of the LSIWVIS mmethod and the state-offart hizh perfiorrnance
cornputing techrnolo gy, and will show that this combination effectively accomplishes the first]
step  towmards understandingg the slectrondc ard magnetic stractuare of panopariicles with
dirnension si=ze az large as 5 narnorneters (noog. T owall demn:nnstmte A= arn exa_tnple the el=ctrornic
arnd magretic stracture calculated for an iron ervbedded in iron aluroanids crorstal
roatrize. I o wall also explain to what extent futuare petaflopn corngoandtingeg swrsterns rmaswyr erabls: the
realiztic guanturn rnechanical sirmalation of real nano-strictuared material=s.

Refresheenis will e sexrved in the Phasics Library at F:Flpian
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Example 23 - 3 o

Uniform electric field obtained from voltage: =
Two parallel plates are charged to a voltage of &:@'\
50V. If the separation between the plates Is -
5.0cm, calculate the magnitude of the electric =t
field between them, ignoring any fringing. [T

What Is the relationship between electric field and the
potential for a uniform field? V = —Ed

V 50V 50V
| SolvingforE > E= — = = ——=1000V /m
d 50cm 5x10™m
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Electric Potential due to Point Charges
« What is the electric field by a single point charge Q
at a distance r? 1 Q_,Q
: :47750 2 r?

o Electric potential due to the field E for moving from
point r, to r, In radial direction away from the
charge Q Is
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Electric Potential due to Point Charges
* Since only the differences In potential have physical
meaning, we can choose V, =0 at r, =,

 The electrical potential V at a distance r from a single
point charge Is

V =

Arre, 1

* So the absolute potential by a single point charge
can be thought of as the potential difference by a
single point charge between r and infinity
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Properties of the Electric Potential

« What Is the difference between the electric potential and the
electric field?

— Electric potential
* Electric potential energy per unit charge
o |nversely proportional to the distance

» Simply add the potential by each of the charges to obtain the total potential
from multiple charges, since potential is a scalar quantity

— Electric field
* Electric force per unit charge
* |nversely proportional to the square of the distance
« Need vector sums to obtain the total field from multiple charges

 Potential for the positive charge is large near the charge and
decreases towards 0 at a large distance.

 Potential for the negative charge is large negative near the
charge and increases towards 0O at a large distance.




Shape of the Electric Potential

S0, how does the electric potential look like as a function of
distance?

— What is the formula for the potential by a single charge?

1 Q

V =
Argy ¥
Positive Charge ‘ ‘ Negative Charge
V V
0 r
0 r

Uniformly charged sphere would have the potential the same as a single point charge.

What does this mean?  Uniformly charged sphere behaves like all the charge is on the single point in the center.



Example 23 -6

Work to force two + charges close together: What minimum
work Is required by an external force to bring a charge
0=3.00uC from a great distance away (r=infinity) to a point
0.500m from a charge Q=20.0 uC?

What is the work done by the electric field in terms of potential
energy and potential?

_ qv - (Q _Q]

A\ B, T

Since r, =0.500m,r, =00 we obtain

=-1.08J

W= __Jd 2—0 _q 9:_(8.99x109N .m?/C?)-(3.00x10°°C})(20.00x10°C)
Argy \ 1, Argy 1, 0.500m

Electric force does negative work. In other words, the external force must work

+1.08J to bring the charge 3.00uC from infinity to 0.500m to the charge 20. OuC
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Electric Potential by Charge Distributions
o Let’s consider that there are n individual point
charges in a given space and V=0 at r=infinity.

 Then the potential at a point g, distance r;, from the
charge Q. due to the charge Q;Is V. — Q 1
° A, T,

 Thus the total potent|aIV by all npomt chargesis
V, = Zv.a —Z

» For a continuous charge V = 1 j d_q
distribution, we obtain Arre, 9 1
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Example 23 -8

» Potential due to a ring of charge: A thin -
circular ring of radius R carries a uniformly R SN

distributed charge Q. Determine the electric

potential at a point P on the axis of the ring a
distance x from its center.

 Each point on the ring Is at the same distance from the point

P. What is the distance? S
r = \/ R” + X
 So the potential at P Is
V = ! qu — 1 jdq — What's this?
Ay T Ameyr
1
,[ g Qz 2
47750\/X2 +R? 472'80\/X +R
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Equi-potential Surfaces

Electric potential can be graphically shown using the
equipotential lines in 2-D or the equipotential surfaces in 3-D

Any two points on the equipotential surfaces (lines) are on the
same potential

What does this mean in terms of the potential difference?
— The potential difference between two points on an equipotential
surface is 0.
How about the potential energy difference?
— Also 0.

What does this mean in terms of the work to move a charge
along the surface between these two points?

— No work Is necessary to move a charge between these two points.
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Equi-potential Surfaces

 An equipotential surface (line) must be perpendicular to the electric field.
Why?

— If there are any parallel components to the electric field, it would require work to
move a charge along the surface.

* Since the equipotential surface (line) is perpendicular to the electric field,
we can draw these surfaces or lines easily.

* There can be no electric field within a conductor in static case, thus the
entire volume of a conductor must be at the same potential.

 So the electric field must be perpendicular to the conductor surface.
r i Point NN . NN
ges




Electric Potential due to Electric Dipoles
« What is an electric dipole?

— Two equal point charge Q of opposite sign separated
by a distance fand behaves like one entity: P=Q/

 The electric potential due to a dipole at a point p
— We take V=0 at r=infinity

 The simple sum of the potential at p by the two
charges S dfeds

vy O 1 (Q,.(Q))_Q (1 1 ) _Q A4r
47r<90r 47[50 r r+Ar) Adgg,\r r+Ar Az, T+ Ar

1a

e Since Ar=£0s0 and if r>>£ r>>\r, thus r~r+Ar and

Q lcosf 1 pcosd My adipoleata 1 pcosé
47ng r 47ng distance r from V =
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E Determined from V
+ Potential difference between two points under the
electric field is Vp, —Va = ja =)

* S0 In a differential form, we can write
dV =—E - dl =—E,d|

— What are dV and E?

 dV is the infinitesimal potential difference between two
points separated by the distance d/

o E,Is the field component along the direction of d/

» Thus we can write the field component E as

dV _ The component of the electric field in any
E| == Physical direction is equal to the negative rate of
dl Meaning? change of the electric potential as a

Wednesday, Sept. 21, 2005 ... PHYS 1444-003, Fall 204 function of distance in that direction.!
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E Determined from V
 The quantity dV/d/is called the gradient of Vin a

particular direction

— If no direction Is specified, the term gradient refers to
the direction V changes most rapidly and this would be

the direction of the field vector E at that point.

— So If E and d/are parallel to each other, E = _av

dl
o |f EIs written as a function x, y and z, [refers to X,

oV oV oV
—_ — E = — e e
yandz  E=-- E, =

oV . i . . : b "
» ——Is the “partial derivative” of V with respect to x,
with y and z held constant s
= T = 72 =9 79y
+ Invector form, E=79R%V=-w= [' YRR j
FSED. DLIVC 1144 NN2 Call 2ANNE 16

OX
Wec . 5 .4 &
V=i s N +k— e IS CaIIed the delor the gradient operatorand is a vector operator.




Electrostatic Potential Energy; the electron Volt (eV)
 Consider a point charge g is moved between points a and
b where the electrostatic potential due to other charges is
V,and V,
« The change In electrostatic potential energy of g in the
field by other charges is
AU =U, -U, = q(Vb _Va): OVba
« Now what Is the electrostatic potential energy of a system
of charges?
— Let’s choose V=0 at r=infinity

— If there are no other charges around, single point charge Q, in
Isolation has no potential energy and is exerted on with no

electric force

PHYS 1444-003, Fall 2005 17
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Electrostatic Potential Energy; Two charges

If @ second point charge Q, Is brought close to Q, at the
distance r,,, the potential due to Q, at the position of Q, Is

V= @& 1
Arre,y 1
The potential energy of the two charges relative to V=0 at
r=infinity Is U = Q \/ — 1 QQ,
2 Arey I
— This is the work that needs to be done by an external force to

bring Q, from infinity to a distance r,, from Q,.

— Itis also a negative of the work needed to separate them to
Infinity.
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Electrostatic Potential Energy; Three Charges
S0 what do we do for three charges?

« Work is needed to bring all three charges together

— Work needed to bring Q1 to a certain place without the
presence of any charge is 0.

— Work needed to bring Q2 to a distance to Qlis Uy, =
— Work need to bring Q3 to a distance to Q1 and Q2 is
1 QQ, 1 Q,Q,

Argy I3 Argy Ty

1 QQ,

Us;=Up +Uy, =

 So the total electrostatic potential of the three charge
system IS 1 [ 00, . 0.0, . 0,0,

U= U, +Uz;+U, =
Ay \ Iy 3 I3

— What about a four charge system?

] [V =0atr=o]
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Electrostatic Potential Energy: electron Volt

What Is the unit of electrostatic potential energy?
— Joules

Joules is a very large unit in dealing with electrons, atoms or
molecules atomic scale problems

For convenience a new unit, electron volt (eV), is defined

— 1 eV s defined as the energy acquired by a particle carrying the
charge equal to that of an electron (q=e) when it moves across a
potential difference of 1V.

— How many Joules is 1 eV then? 1eV = 1.6x10™°C -1V =1.6x10™" ]

eV however Is not a standard S| unit. You must convert the
energy to Joules for computations.

What Is the speed of an electron with kinetic energy 5000eV?
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