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7 [V] @ q © E (fieldfromcapacitor)

1 Note:
E _ F The “test” charge is small enough
Lo — — 1 so that it does not disturb the
SO q charge on the capacitor and hence
the field from the capacitor.

F=qE

The electric-field vector is the force vector for a unit charge.

Units of electric field: [V/m]



Note: The electric-field vector may be non-uniform.

E
Point charge ¢ in free space: \ Q / _
q
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E — ﬁ 9 > (nonuniform)
47, r



The voltage drop between two points is now defined.

B

4 C
X(x,w)
3 Notation:
V5=V (4)-V (B)=] E-dr [ Ear=[Ea
4 _

C = path from 4 to B.

Comment: |n statics, the line integral is independent of the shape of the path.

(This will be proven later after we talk about the curl.)



Here all of the mathematical terms are defined.

r=(xyz)=%x+jy+zz

S




We now explore the physical interpretation of voltage drop.

g (testcharge) B

\ ¥ C

Eext(x,y’Z) XBJ(X,_V,Z)

A test charge is moved from point 4 to point B at a constant speed
(no increase in kinetic energy).

"N

F*=qE F*“=-F"=—E
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g (testcharge)
\ ¥ C

F*(x,3,2) \\iﬁmﬂ

Wwext = work done by observer in moving the charge.

"N

Define:

LVMZTEM I GE-dr -
A

A

E-d

I Cm— |y

Hence /¢ —= —q VAB



From the last slide: /" = —q VAB

But we also have /" = PE (E) — PE (1_4)

SO

-qV,; =PE(B)-PE(4)

or

Visg = é[PE(é) - PE(E)]

(Remember: no
change in
kinetic energy.)




Result:

Conclusion:

The voltage drop is equal to the change in potential energy of a unit test charge.

The voltage at a point can be thought
I:> of as the potential energy of a unit test
charge at that point.




Example:

Point 4 is at a higher voltage, and hence a higher potential energy, than point B.

+ + + + + + +_+ + +04+ 4

Vo [V] @ g=1o0

Parallel-plate capacitor

ley
' It

Vi=Vy,>0 = V,=PE(4)-PE(B)>0

The charge is at a higher potential energy when near the top plate!
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*» The electric field vector points from positive charges to negative
charges.

¢ Positive charges are at a higher voltage, and negative charges
are at a lower voltage.

¢ The electric field points from higher voltage to lower voltage.

+ + + + + + +_+ + + + +
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B
Note:
VAB :j (Ex dx + Ey dy T Ez dZ) The limits ar:\?ector points.
A
SO X5 v, .,
VAB :J- EX(X,)/,Z)CZX‘FJ- Ey (xayaz)dy'i'-‘- EZ(X,y,Z)dZ
X4 Yy Zy

Each integrand must be parameterized in terms of the respective
integration variable. This requires knowledge of the path C.
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+ + + 4+ + 4+ + + + + o+ o+ x=0
L AR AR
IS x=h
b
Find: £
Assume: E(X,1,2)=XE) | oo sssmpion
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Vig=|E(x,y,z)-dr =V, [V]

I C— |y

Evaluate in rectangular coordinates:
EZEEX+XEy+ZEZ

dr =xdx+ydy+_zdz
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VAB:J‘Ex(xayaz)dx:I/O A

o mQ e
JEde=K) 01_3 B
or 0 E(x,y,z)=§E0

E h=V, wm=» E,=V,/h

Recall that E(x,yjz) — )ACEO

Hence, we have E (x, vV, Z) = X(%j [V/m]
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x=0
++++++++++

A
ley

@)
l Proton
@)

X=X

v, [V] @ h:O.l[m]

Vy =9[V]

| Ios

A proton is released at point A4 on the top plate with zero velocity.
Find the velocity v(x) of the proton at distance x from the top plate (at point B).

Conservation of energy: KE (x) —}A{NO) = PE (O) — PE (x)

%mvz (x)=PE(0)-PE(x)=¢| ¥ (0)-V(x)]
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From last slide: %mv2 (x)= q[V(O)— V(x)}

o+ + + + + + + + + +
lsz

Proton
(@]
X

It
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v(x) = (2}?’:}6

Vo=9 [Vl h=0.1[m]

= 1.602 x 10°1?
q 602 > 1077 [C] (See Appendix B of the Hayt & Buck book or Appendix

D of the Shen & Kong book for these values.)

m=1.673 x 1027 [kg]

Hence:
v(x)=5.627x10°/x [m/s]



= Areference point R is a point where the voltage is assigned.

* This makes the voltage unigue at all points in space.

* The voltage at a given point is often called the “potential” ® at the point.

gz(x,y,z) £ CD(B):CDO

Q

Integrating the electric field along C will determine the potential at point r.

Note: ®, is often chosen to be zero, but this is not necessary.

19



[N

b
+

A 9 volt battery: Ve, =9 [V]

Find the potential on the left terminal (cathode) assuming the reference point R

is on the right terminal (anode) and ® = 0 at the reference point.

Vo= 0(B)-0(4) =9V

®(4)=-9[V]

o
=
Il
)
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IS

A 9 volt battery: V,, =9 [V]

Find the potential on the right terminal (anode) assuming the reference point R
is on the left terminal (cathode) and @ = 0 at the reference point.

4 B

Vi = ®(B)-0(4)=9 [V]

®(B)=9[V]

o
=
Il
)

This is the more usual choice for the reference point
(on the negative terminal).

21



+ + + + + + + + + g+ + o
VoW]@ o L(x.2) @lj

«—
<
I\E
I
-
=

Find the potential function ®(x), 0 < x < A, assuming that the reference
point R is on the bottom plate, and the voltage at R is zero.
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A

+ +C')+_+ + + + + + +q+ + *=0
C 4
WO, fortn)  E
e S —— x=h
v o(»)=0

Find the potential function ®(x), 0 < x < &, assuming that the reference
point R is on the bottom plate, and the voltage at R is zero.

V., =c1>(o)—<D(X)=TEx(x,y»Z)dx:i(%jdx:(%jx

0 0
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In statics, the voltage drop is unique, and does not depend on the
shape of the path. In dynamics, this is not generally true.

Example: TE,, mode of rectangular waveguide

4 E =y E,sin (ﬂj et (phasor E field)
G, ¢ (microwave frequency)
E i C z=0
p 1 i CE
E.__T_<_T___T___:/ T T 1 > X

PEC: Perfect Electric Conductor

» There is a voltage drop along path C, (V,z; =E,).
» There is no voltage drop along path C, (which stays inside the PEC metal).

So...the voltage drop is not uniquely defined! s



One situation where voltage is uniquely defined, even at high
frequency: a TEM mode on a transmission line.

Y d
jE -dr = L (Faraday’s law)

Coax

'v\

C=C -C,

B

VAB Ej E - d_ The counterclockwise closed path C E d _ E d
Y goes from 4 to B along C,, and then L~ - L °
B G G

from B back to 4 along C,.
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