Lecture 12: 02/21/2024

e Announcements
HWS5 is up

“Lecture 11” does not exist (it was the test)
I made the ones go away from Canvas ...
Will publish solutions to exam

e Last Time
e Gauss law tricks
» Introduction to electric potential

e Today
Potential from field
Field from potential
Work, Potential Energy, Conservative Forces
Field between two plates
Electric potential of point charges 1



Electric Potential

What'’s a volt anyway?




Electric Potential:
Is also called voltage. They are the same thing.
Electric potential is measured in Volts. (SI unit)

The term potential ties back to potential energy because
potential IS the potential energy per unit charge.

Uu=qQvVvV V=—



Voltage from Electric Field:

If the electric field is constant, then: V=—FE A x

b
If it depends on x: V=— fa Edx

-

If it’s constant but not along A r: V=—EFE-AT

b
If it depends on x, y, and z: VZ—f E-dr



Electric Field from Voltage:

If the electric field is constant, then: F = v

A X

: _dVv
If it depends on x: E=

dx

If it depends on x, y, and z: E=—VV



Problem 4: A pair of parallel conducting plates have a potential difference of 3.2 x10* V and a separation of 7.85 cm.
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@theexpertta.com - tracking id: 3N77-8D-07-4A-9D40-48241. In accordance with Expert TA's Terms of Service. copying this information to any solutions
sharing website is strictly forbidden. Doing so may result in termination of your Expert TA Account.

What is the magnitude, in volts per meter, of the electric field strength between the parallel conducting plates?

Numeric : A numeric value is expected and not an expression.
E| = V/m




For the bio majors...

The voltage across a membrane forming a cell wall is
80.0 mV and the membrane is 9.00 nm thick.

What is the average electric field magnitude?

A) 7.2x10 °V/m

(
(B) 1.125%107"V/m
(C) 1.125x10*V/m
(D) 8.89%x10°V/m
(E) 8.89%10°V/m

QOutside the cell
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ECG or Electrocardiogram
 Gain = 100
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VBA = VB - VA =
2200 mV - 1600 mV
VBA = Gop mV

Real VBA/|= 6 mV




Electric field can be expressed in N/C, but it
can be expressed in terms of other SI Units.

What other units are appropriate for electric
field?

(A) N (B) A\
m
J
(C) C (D) N-'m

(E) More than one correct answer
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Electric potential is usually expressed in

Volts, but it can be expressed in terms of
other SI Units.

What other units are appropriate for electric
potential?

N-m N
(A) c (B)
(C) é (D) N-'m

(E) More than one correct answer
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Voltage from Electric Field:

If the electric field is constant, then: V=—FE A x

b
If it depends on x: V=— fa Edx

-

If it’s constant but not along A r: V=—EFE-AT

b
If it depends on x, y, and z: VZ—f E-dr
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Conservative Forces

Work : Wd:“f F-d

—

I
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Conservative Forces

Work : Wd:“f F-dT

If you can do work and “Get it back”, the force is called
“conservative”.
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Conservative Forces

Work : Wd:“f F-dT

If you can do work and “Get it back”, the force is called
“conservative”.

Gravity, Springs and Electric forces are conservative
Friction is NOT conservative
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The path 1s curved. -

F

The force 1s
not constant.

T}.le work done 1n this

) . " ['s _ small segment of the
W= ;(F;)j §;—> S' Fyds = | Feds  hotion is Fds = F-ds.




The path is curved. *+-..,

The force 1s
not constant.

The work done 1n this
St f small segment of the

= - fon i — Bl
Egds - Fds motion 18 F ds = F - ds.

W= > (F)As;—
J

S i



Human bodies and work ...
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Confusion about Work and Potential Energy:

Distinguish between work done by a human and
work done by a conservative force.

A person lifting a weight does positive work on the weight,
while gravity does negative work on it.

When we talk about potential energy, we are talking about
the work done by gravity, not the person.

Holding a heavy object motionless is tiring, but is not
considered work in physics.

Biological forces are not conservative. We USUALLY are
not considering them.



force










Confusion about Work and Potential Energy:

Distinguish between work done by a human and
work done by a conservative force.

A person lifting a weight does positive work on the weight,
while gravity does negative work on it.

When we talk about potential energy, we are talking about
the work done by gravity, not the person.

Holding a heavy object motionless is tiring, but is not
considered work in physics.

Biological forces are not conservative. We USUALLY are
not considering them.



Work, Potential Energy, and Kinetic Energy

W=F-Ar=—AU

1 1
W=AKE= E 1] VEINAL — E m VIZNITIAL

A U+ A KE i1s constant!

Gravity and Electrostatic Force are both CONSERVATIVE
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Potential Energy
High PE

: °}mm; e1*°}

potential

energy
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electric
potential
energy




Electric Potential and Electric field:

Positive charges move in direction of electric field
Negative charges move against an electric field
Positive charges will move to lower voltage

Negative charges move to higher voltages.

U=QV V=

-]::"=QE E:

Q= |
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When a positive charge moves in
the direction of the electric field,

A. the field does positive work on
it and the potential energy
Increases

B. the field does positive work on
it and the potential energy
decreases

C. the field does negative work
on it and the potential energy
Increases

D. the field does negative work
on it and the potential energy
decreases




When a negative charge moves in F = qE
the direction of the electric field, a

‘\H_I
-

A. the field does positive work on
it and the potential energy
Increases Ya

B. the field does positive work on Th K\D
It and the potential energy Vb
decreases Y \

C. the field does negative work
on it and the potential energy
Increases

D. the field does negative work
on it and the potential energy
decreases



How do you get a constant electric field?

Voltage is easiest to calculate with constant field.

It’'s also easy to make a constant field!
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Problem 13: Two very large parallel plates are perpendicular to the  axis and have a small separation, d.
(The dimensions are distorted for purposes of visualization.) The first plate, located at z = 0, has a negative |._d_..|
uniform charge density, —o, and is designated as the zero of electric potential. The second plate, located at

x = d, has a positive uniform charge density, +o.
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Part (a) In terms of the variables provided in the problem statement, enter a vector expression for the electric field, E, that is valid in the gap
between the two plates.
Expression

E=

Select from the variables below to write your expression. Note that all variables may not be required.
go. A, o, Pg. . p. 0.1 j. K enx,y, z

Part (b) In terms of the variables provided in the problem statement, enter an expression for the electric potential that is valid in the gap between the
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Electric potential of TWO large plates
(Area “A” separation “d”) ...
Electric field is doubled because two charged
plates of opposite sign.

E=—1

€0
V=—E-AT=Ed
v=Lx=2¢

€o €o =

A T
e
e e
SERENEEES




What does work have to do with Electric Potential?

W=F-AT=QE-AT
What if force or Electric field are not constant?
w=[Fdi=Q| E-d¥

AU=-W=QV=-Q [ E-d¥
therefor dzef—f E-dT
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You are told that the electric potential is zero

At some point “P”. Which statement is correct?

A. A charge placed at P would feel no electric force
B. The electric field at P Is also zero.

C. The electric field at P Is negative

D. Both Aand B

E. not enough information given to decide






Voltage of a point charge:
(Or a spherically symmetric charge)

AV = —f ?dr

+ A > B
1 1
AV, .=k
AB Q(rB rA>
If A goes to infinity:
AVOOE):I(C]l V:m
o r

It takes work to move a charge In from
Infinity toward another charge.



What is the potential (Voltage)
(relative to Infinity) haltway
between two 1 nC charges
spaced 2 cm apart?

V1:(9X1NTm)(1)x102:9OOV0ItS



Potential of point charges
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for this system, we have

which simplifies to

Access for free at openstax.org.

7.2 o Electric Potential and Potential Difference
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