Lecture 15

AU and AV due to a point charge

-k
let () > 0, placed at 0. E = —?rr Along x-axis
r

QT3

test charge q (> 0)

Consider going from Ato B

lterative Reasoning

E is to the right.

Az is along E
so AU = U(B) — U(A) <0 Going downhill.
This agrees with AU = —F - Ax <0



AU and AV due to a point charge continued...
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test charge q (> 0)

Math: AU = U(o0) — U(r)
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Point Charge Q

V

}
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Field: E = "2
T
. . kQ
With V(oco) = 0, the potential at r: V = —
r
work Where work from infinity to r is energy
V(?") = required in climbing the potential hill
cO—>T

q
AV = —-FEAr, F = —g
Ar
Check: B, — _ 2FQ/T) _ kG
or r?




V(r) for a uniformly charged plastic shell

Uniformly charged shell, Q, R.
+ Find: V(r) by inspection

AV = —FEAr




Fig(clicker) 15.1
Potential difference across regions of constant E'’s.

Lec15-1 Review dV = —E - d? in constant E.

Electric potential difference is defined by AV = % — —EFE e Al

Consider two points within the gap of a parallel plate capacitor, the
initial point A and the final point B (see figlh.1).

Determine the sign of AV = Vg — V.
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fig15.1

Choice | Sign of Vg — Vj
1 >0
2 =0
3 <0




Fig(clicker) 15.1
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- H AV =-E-Al'=—-EAlcosa’= EAl > 0
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_ i Notice AV = sz'nal — ‘/;lnitial
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" fgis.a +| E is the slope of the hill. Consider moving

from A to B. Climbing Case Vg — V4 > 0

General Case:

YA/ o> 90°, cosa <0, AV >0

S @7
E a < 90°, cosa >0, AV <0




Fig(clicker) 15.2

Lecl5-2 dV = —E - d/ in regions of constant E's. Exercise-1

Q16.5B
What is AV = Vg — V47
210V
18V
6V
-6V
—18V
—270V

300V/m 0V/m 300 V/m
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Fig(clicker) 15.2

Region 1

Region 2

Region 3

300V/m 0V/m  300V/m

e F------—- |
2cm 3cm 4 cm

E=300V/m — Al = 0.02m
E=0

E =300 D a— Al =0.04m

AV = AV + AV 4 AV

+12

+6\/



Fig(clicker) 15.3

Lecl15-3 dV = —E - d/ in regions of constant E's. Exercise-2

Q16.5i
0 2mm —Q Without the metal slab, Ve — Va was —1000
o metal =¥ volts. Then a metal slab was inserted into the
i slab - capacitor.
Al - Now AV =Vg-Va=
o .38
+ - 1) + 1000 volts
: - 2) +500 volts
N 1. 3) 0volts
6.....|...1.'!!'.‘l..|...... 4) =500 volts
5 mm 0.5mm 5) —1000 volts
In a capacitor E = (Q/A)/eg




Ch17. Hw2:001-003

Long Cylindrical Insulator
001 (part 1 of 3) 3.0 points
Consider a long, uniformly charged, cylindri-

cal insulator of radius R and charge density
1.1 uC/m?.

What is the electric field inside the insulator
at a distance 1.8 cm < R from the axis? The
volume of a cylinder with radius  and length

?is V = wr? 4. The value of the permittivity
of free space is 8.85419 x 1014 C?/N/m?.



Chl1l7. Hw2:001-003 continued...
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— const.

Given: p =

’h
Gauss Law: E.(2nrh) = il
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_ P /27T7°h = const. X r
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Clicker 17-h2:1-3

What is the sign of V(R) — v(r)?

1
2
3 |-




N-dependence of AV

We write the r-dependence of the field for

various cases of N as F = Kr¥

K

For dipole: E = — = —3 j
3 inr
point charge: = -2 E z -2
N=-1
long rod: N = —1 ; eeeoeopereteT TN S
0 0.5 1
solidrod: r <R N =+1 .

The curves of E vs. x for different N’s are shown in the figure. Notice
atr=1, E =k, independent of N. In going from N =-3 to N =-1, the
peak at x = 0 becomes less and less pronounced. At N = +1, the peak
turns into a valley.

Lesson: The shape of E vs. x curve is sensitive to the power of N.
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. Four possible expressions for the electric
004 (part 1 of 5) 2.0 points

field along the x axis are given below. For

Locations A = (a,0,0) each expression for the electric field, select the

o correct expression for the potential difference
and V4 — V. In each case, K is a numerical

B = (b,0,0) constant with appropriate units.
are on the +z axis, as shown in the figure
below. The first possible expression is:
. K
(a,0,0) (b,0,0) Lo <§’O’O>

A B

Consider the case a = 0.5 and b=1. AV =V(0.5) — V(1)

How does AV very with N? 151 v
1
1. AV increases monotonically 5E
2. AV = constant
3. AV decreases monotonically 3 - 1 ° 0 1

4. AV fluctuates as N increases N




