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X dqg =A dx
Charge per unit length: A = Q/L - >
Charge on slice dx: dq = Adx —— P FFFHHF A+ — X
M« »> < >
dVv d L
kdqg  kAdz

Electric potential generated by slice dz: dV = —
T T

Electric potential generated by charged rod:

V:k)\/ o fAInz)?tE = kA [In(d + L) — Ind] = kAln 2T
d T

- L L k
Limiting case of very shortrod (L < d): V =kAln (1 + E) ~ kAE = 762




e Total charge onring: @
e Charge per unit length: A = Q/2wa

e Charge on arc: dq

Find the electric potential at point P on the axis of the ring.

dq kdq
o dV =k — =
r VRt a2

kQ

dq k
’ V(x):k/\/m:m/dq:m




Wi |_|""':'E"! TR

e Area of ring: 2mada
e Charge onring: dg = o(2mada)
e Charge on disk: Q = o(7R?)

Find the electric potential at point P on the axis of the disk.

dq ada
o dV =k = 2ok
*/LU2—|—CL2 */LU2—|—CL2
R ada R
— — 2 2 — 2 2 _
° VKx)-Qwak/Q w2+_a2-—2ﬁak[\hx %—a]o ——2ﬁ0k|}/$ + R |xq

Electric potential at large distances from the disk (|z| > R):

R? R? komrR?  k
V(z) = 2mok|z| [{/14+ — — 1| ~ 2rok|z| [1 b — 1] _ komRT_ kG
x? 22 || ||
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Determine the field or the potential from the source (charge distribution):

avi
F= 1 [%; L vo L [
Ameg J 12 Ameq r
dE dv
: : L= ov. o0V. 0V.
Determine the field from the potential: ¥ = ——i — —j5 — —k

ox oy 0z

Determine the potential from the field: V' = —/ E -ds

—

0

e Systemswith £ = Ex(2)i: Ex = —— < V(z)=— [ Eudx

e Application to charged ring: E, = Qx

o Vo=
(22 + a2)3/2 Va2 + a?

e Application to charged disk (at x > 0):
E,. =2nock [1 —

x
\/QZQ-I-—RQ] & Vo= 2nok [\/:U2—I—R2—zc]
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For given electric potential V' (x)find the electric field

(&) Ez(1m),
(b) Ex(3m).
For given electric field £ (x) and given reference potential potential V' (0) = 0 find the electric
potential
(©) V(2m),
(d) V(4m).
V[V] E, [VIm]
2 2
1 1
X[m] X[m]
0 T T T T
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For given electric potential V' (x) find the electric field
(a) Ez(0.5m), (b) E;(1.5m),
(c) E.(2.5m), (d) Ez(3.5m).

For given electric field £ (x) and given reference potential potential V' (0) = 0
find the electric potential

€) V(im), () V(2m),  (9) V(4m).

V[V] E, [VIm]
2 — 2 —
1 - 1 - /
\ X[m] X[m]
0 | | | | 0 | | | |
0 1 2 3 4 0 1 2 3 4

FERE
LI
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e Given is the electric potential: V (z,y) = ax? + bxy> with a = 1V/m?, b = 1V/m*.

e Find the electric field: E(x,y) = E.(z,y)i + E,(x, y)] via partial derivatives.

oV oV

Em:—% :—Qaaz—by3, Ey:_a_y :—Bb:cy2
y

V=2V

Ey=-3V/m
V=1V
. Ex=—-2V/m
 Ey=0

Y X
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e Given is the electric field: E = —(2ax + by3)i — 3bzy?j with a = 1V/m2, b = 1V/m*.
e Find the electric potential V' (x, y) via integral along a specific path:

Red path (0,0) — (0,y) — (z,y):

y
Y T X,
—/0 Ey(O,y)dy—/O Ey(z,y)dx 0.y) (’Ay)

0+ / (2azx + by>)dx = ax® + bay?
0

V(z,y)

Blue path (0,0) — (z,0) — (x,y):

(0,0) —

V(z,y) = / Ex(x O)daz—/ Ey(z,y)d (x,0)

— / (2ax) d:c—l—/ (3bzy?)dy = ax? + bxy>
0




Given is the electric potential V (z, y) = cxy? with ¢ = 1V/m3.

(a) Find the value (in Sl units) of the electric potential V' at point A.
(b) Find the components E,, E, (in S| units) of the electric field at point B.




Consider an infinite plane sheet perpendicular to the z-axis at x = 0.
The sheet is uniformly charged with charge per unit area o.

e Electric field (magnitude): £ = 27k|o| = ;i
€0
e Direction: away from (toward) the sheetif o > 0 (o < 0).
e Electric field (x-component):
E, = f2nko. positively charged sheet

e Electric potential: Ex
X
V = —/ FEydx = F2rkox.
0

e Here we have used zg = 0
as the reference coordinate. _—

TTHTET R

negatively charged shi

Ex
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e Electric charge on shell: Q = 0 A = 410 R?

k
e Electricfieldatr > R: FE = _22

[rl
e Electricfieldatr < R: E =0

e Electric potential at » > R:

V:—/T@dr:@

2
oo T r

e Electric potential at » < R:
R L " k
V:—/ —?dr—/ (0)dr = <
oo T R R

e Here we have used rg = oo as the
reference value of the radial coordinate.




Wi |_|""':'E"! TR

: 4
Electric charge on sphere: Q = pV = ng?’

L k
Electricfieldatr > R: E = —22
r V(r)
L Lo kQ 30 |
Electricfieldatr < R: E = =3 r o
Electric potential at » > R:
Tk k kQ
V = —/ _22 dr = _Q R
oo T r

Electric potential at r < R:

V:—/R@dr—/r@rdr

oo T2 Rf{3

e Bl R et

2R 3R 4R 5R T

=V

_kQ KQ o oy KQ ([, T?
=% 2 U _R)_2R( R2>
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e Consider a uniformly charged wire of infinite length.
e Charge per unit length on wire: X (here assumed positive).

oo . 2k
e Electric field atradiusr; £ = ——.
[r)

e Electric potential at radius r:

0 T

"1
V= —2k)\/ —dr = —=2kA[In7 — Inrg]

— V =2k\In 2
.

e Here we have used a finite, nonzero reference
radius rg # 0, co.

e The illustration from the textbook uses R,.. ¢ for R
the reference radius, R for the integration
variable, and R,, for the radial position of the T 1 n n T T =
field point.
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A conducting sphere of radius 71 = 2m is surrounded by a concentric conducting spherical shell of
radii ro = 4m and r3 = 6m. The graph shows the electric field E(r).

(a) Find the charges q1, g2, g3 on the three conducting surfaces.

(b) Find the values V7, Va2, V3 of the electric potential on the three conducting surfaces relative to
a point at infinity.

(c) Sketch the potential V (r).

6 rim]
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Consider a conducting sphere with radius » = 15cm and electric potential V' = 200V relative to a
point at infinity.

(a) Find the charge @@ and the surface charge density o on the sphere.
(b) Find the magnitude of the electric field E just outside the sphere.

(c) What happens to the values of ), V, o, E when the radius of the sphere is doubled?
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A spherical raindrop of 1mm diameter carries a charge of 30pC.

(a) Find the electric potential of the drop relative to a point at infinity under the assumption that it

IS a conductor.
(b) If two such drops of the same charge and diameter combine to form a single spherical drop,

what is its electric potential?

-
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A positive charge is distributed over two conducting spheres 1 and 2 of unequal size and
connected by a long thin wire. The system is at equilibrium.

Which sphere (1 or 2)...
(a) carries more charge on its surface?
(b) has the higher surface charge density?
(c) is at a higher electric potential?
(d) has the stronger electric field next to it?
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Consider a region of space with a uniform electric field E = O.5V/mi. Ilgnore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 27?

(b) If an electron (m = 9.11 x 10~31kg, ¢ = —1.60 x 10~ 19C) is released from rest at point 0,
toward which point will it start moving?

(c) What will be the speed of the electron when it gets there?

y
4 =
5m |————4’—————I E
3m+ 34 s
ST ao :1
Im-4 Lo-oboooo
2
I I I X
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Consider a region of space with a uniform electric field E = O.5V/mi. Ilgnore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 27?

(b) If an electron (m = 9.11 x 10~31kg, ¢ = —1.60 x 10~ 19C) is released from rest at point 0,
toward which point will it start moving?

(c) What will be the speed of the electron when it gets there?

y
4 —
5m Rl S E
Solution: ! |
(8) Vi = —(0.5V/m)(2m) = —1V, V3 =0. 3m-{ 36——g5—t1
1m - I—————&—___:
2
I | | X
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Consider a region of space with a uniform electric field E = O.5V/mi. Ilgnore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 27?

(b) If an electron (m = 9.11 x 10~31kg, ¢ = —1.60 x 10~ 19C) is released from rest at point 0,
toward which point will it start moving?

(c) What will be the speed of the electron when it gets there?

y
5m - .---_ﬁ_____I—E>
Solution: i |
(8 Vi = —(0.5V/m)(2m) = —1V, Vi = 0. 3m-| 314 1
(b) F=qE = —|qE|i (toward point 3). 1m 2,
I | I X
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Consider a region of space with a uniform electric field E = O.5V/mi. Ilgnore gravity.

(a) If the electric potential vanishes at point 0, what are the electric potentials at points 1 and 27?

(b) If an electron (m = 9.11 x 10~31kg, ¢ = —1.60 x 10~ 19C) is released from rest at point 0,
toward which point will it start moving?

(c) What will be the speed of the electron when it gets there?

y
5m_ I____4_____I E

Solution: : !
@ Vi =—(0.5V/m)(2m) = -1V, Vi = 0. M7 3¢5 11
(b) F=qE = —|qE|i (toward point 3). 1m :_____2
() AV = (V3 —Vp) =1V, AU =qAV = —1.60 x 10~19], | | | X

V7% Im 3m  5m

K=—-AU=1.60x10"1J, v=4/"= =593 x 10°m/s.
m

Alternatively:

F =qF =8.00x 102N, a=

F
— =8.78 x 101%m/s?,
m

|Az| = 2m, v = +/2a|Ax|=5.93 x 10°m/s.
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An electron (m = 9.11 x 10731kg, ¢ = —1.60 x 10~ 19C) and a proton (m = 1.67 x 10~ 27kg,

g = +1.60 x 10~ 12C) are released from rest midway between oppositely charged parallel plates.
The plates are at the electric potentials shown.

(a) Find the magnitude of the electric field between the plates. 6V 12V
(b) What direction (left/right) does the electric field have? - +
(c) Which particle (electron/proton/both) is accelerated to the left? - +
(d) Why does the electron reach the plate before the proton? = © +
(e) Find the kinetic energy of the proton when it reaches the plate. = +
— +
— +
9 |
B 0.2m i
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An electron (m = 9.11 x 10731kg, ¢ = —1.60 x 10~ 19C) and a proton (m = 1.67 x 10~ 27kg,

g = +1.60 x 10~ 12C) are released from rest midway between oppositely charged parallel plates.
The plates are at the electric potentials shown.

(a) Find the magnitude of the electric field between the plates. 6V 12V
(b) What direction (left/right) does the electric field have? —
(c) Which particle (electron/proton/both) is accelerated to the left? -
(d) Why does the electron reach the plate before the proton? =
(e) Find the kinetic energy of the proton when it reaches the plate. =

Solution: @

(@) E =6V/0.2m = 30V /m.

[+ + + + + + + +]

. 0.2m
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An electron (m = 9.11 x 10731kg, ¢ = —1.60 x 10~ 19C) and a proton (m = 1.67 x 10~ 27kg,

g = +1.60 x 10~ 12C) are released from rest midway between oppositely charged parallel plates.
The plates are at the electric potentials shown.

(a) Find the magnitude of the electric field between the plates. 6V 12V
(b) What direction (left/right) does the electric field have? —
(c) Which particle (electron/proton/both) is accelerated to the left? -
(d) Why does the electron reach the plate before the proton? =
(e) Find the kinetic energy of the proton when it reaches the plate. =

Solution: @

(@) E =6V/0.2m = 30V /m.
(b) left Ll 0.2m

[+ + + + + + + +]
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An electron (m = 9.11 x 10731kg, ¢ = —1.60 x 10~ 19C) and a proton (m = 1.67 x 10~ 27kg,

g = +1.60 x 10~ 12C) are released from rest midway between oppositely charged parallel plates.
The plates are at the electric potentials shown.

(a) Find the magnitude of the electric field between the plates. 6V 12V
(b) What direction (left/right) does the electric field have? —
(c) Which particle (electron/proton/both) is accelerated to the left? -
(d) Why does the electron reach the plate before the proton? =
(e) Find the kinetic energy of the proton when it reaches the plate. =

Solution: @

(@) E =6V/0.2m = 30V /m.
(b) left Ll 0.2m

[+ + + + + + + +]

(c) proton (positive charge)
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An electron (m = 9.11 x 10731kg, ¢ = —1.60 x 10~ 19C) and a proton (m = 1.67 x 10~ 27kg,

g = +1.60 x 10~ 12C) are released from rest midway between oppositely charged parallel plates.
The plates are at the electric potentials shown.

(a) Find the magnitude of the electric field between the plates. 6V 12V
(b) What direction (left/right) does the electric field have? —
(c) Which particle (electron/proton/both) is accelerated to the left? -
(d) Why does the electron reach the plate before the proton? =
(e) Find the kinetic energy of the proton when it reaches the plate. =

Solution: @

(@) E=6V/0.2m = 30V /m.
(b) left — 0.2m
(c) proton (positive charge)

[+ + + + + + + +]

(d) smaller m, equal |q| = larger |¢|E/m
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An electron (m = 9.11 x 10731kg, ¢ = —1.60 x 10~ 19C) and a proton (m = 1.67 x 10~ 27kg,

g = +1.60 x 10~ 12C) are released from rest midway between oppositely charged parallel plates.
The plates are at the electric potentials shown.

(a) Find the magnitude of the electric field between the plates. 6V 12V
(b) What direction (left/right) does the electric field have? —
(c) Which particle (electron/proton/both) is accelerated to the left? -
(d) Why does the electron reach the plate before the proton? =
(e) Find the kinetic energy of the proton when it reaches the plate. =

Solution: @

(@) E=6V/0.2m = 30V /m.
(b) left — 0.2m
(c) proton (positive charge)

[+ + + + + + + +]

(d) smaller m, equal |q| = larger |¢|E/m
(e) K =|qAV| = (1.6 x 10719C)(3V) = 4.8 x 107197,
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Consider a point charge ¢ = +8nC at position z = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point Ps.

(c) Find the electric potential V' at point Ps. y
(d) Find the electric potential V' at point Ps. P& f‘[r_‘ _______ o P
W
3
8nC
X O—x
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Consider a point charge ¢ = +8nC at position z = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point Ps.

(c) Find the electric potential V' at point Ps. y
(d) Find the electric potential V' at point Ps. YR S o P
2 |
Solution: :
W
SHC | 3
a) E; =0, E, =k = 7.99N/C. :
( ) Y (3m)2 / :
8nC
X O—x




Consider a point charge ¢ = +8nC at position z = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point Ps.

TTHT] IEL

i

(c) Find the electric potential V' at point Ps. y
(d) Find the electric potential V' at point Ps. Y S o P
2 |
Solution: :
W
SHC | 3
a) F, =0, E, =k = 7.99N/C. |
@ Y (3m)2 / |
B 8nC B 4 B 8nC |
(b) Er = —k (5m)? cos = —2.88N/C x - = —2.30N/C. R, o O X

8nC

3
E, =k sinf = 2.88N/C x - = 1.73N/C.

(5m)?




Consider a point charge ¢ = +8nC at position z = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point Ps.

TTHT] IEL

i

(c) Find the electric potential V' at point Ps. y
(d) Find the electric potential V' at point Ps. YR S o P
2 |
Solution: :
W
SHC | 3
a) E; =0, E, =k = 7.99N/C. :
( ) Y (3m)2 / :
B 8nC B 4 3nC |
(b) Er = —k Sm)? cos = —2.88N/C x - = —2.30N/C. R, o O X
By = kY Ging = 2.88N/C x 2 = 1.73N/C.
(5m)?2 5
8nC
©) V =k —17.98V.

4m




TTHT] IEL

i

Consider a point charge ¢ = +8nC at position z = 4m, y = 0 as shown.

(a) Find the electric field components E, and E, at point P;.
(b) Find the electric field components E, and E, at point Ps.

(c) Find the electric potential V' at point Ps. y
(d) Find the electric potential V' at point Ps. YR S o P
2 |
Solution: :
W
SHC | 3
a) E; =0, E, =k = 7.99N/C. :
( ) Y (3m)2 / :
B 8nC B 4 3nC |
(b) Er = —k Sm)? cos = —2.88N/C x - = —2.30N/C. R, o O X
8nC 3
B, = k—— sinf = 2.88N/C x = = 1.73N/C.
(5m)?2 5
8nC
©) V =k —17.98V.
4m

8nC
(d) V =k — 14.38V.
om
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Consider two point charges positioned on the z-axis as shown.

(@)
(b)
()

(d)

Find magnitude and direction of the electric field at point P.

Find the electric potential at point P.

Find the electric potential energy of an electron (mass m = 9.1 x 10~ 31kg, charge
g = —1.6 x 10~ 19C) when placed at point P.

Find magnitude and direction of the acceleration the electron experiences when released at
point P.
+8nC —-8nC P
O O o— X

2m 2m
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Consider two point charges positioned on the z-axis as shown.
(a) Find magnitude and direction of the electric field at point P.
(b) Find the electric potential at point P.
(c) Find the electric potential energy of an electron (mass m = 9.1 x 10~3'kg, charge
g = —1.6 x 10~ 19C) when placed at point P.
(d) Find magnitude and direction of the acceleration the electron experiences when released at

point P.
+8nC —-8nC P
M o X
Solution: O 2m ~ 2m
(@) By = +k 0 4 (800) 4.5N/C — 18N/C = —13.5N/C (directed left).

(4m)?2 2m)?
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Consider two point charges positioned on the z-axis as shown.
(a) Find magnitude and direction of the electric field at point P.
(b) Find the electric potential at point P.
(c) Find the electric potential energy of an electron (mass m = 9.1 x 10~3'kg, charge
g = —1.6 x 10~ 19C) when placed at point P.
(d) Find magnitude and direction of the acceleration the electron experiences when released at

point P.
+8nC —-8nC P
M o X
Solution: O 2m ~ 2m
(@) By = +k 0 4 (800) 4.5N/C — 18N/C = —13.5N/C (directed left).
(4m)?2 2m)?

(b) V = +°0C | (£80C)
4m

= 18V — 36V = —18V.

2m
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Consider two point charges positioned on the z-axis as shown.
(a) Find magnitude and direction of the electric field at point P.
(b) Find the electric potential at point P.
(c) Find the electric potential energy of an electron (mass m = 9.1 x 10~3'kg, charge
g = —1.6 x 10~ 19C) when placed at point P.
(d) Find magnitude and direction of the acceleration the electron experiences when released at

point P.
+8nC —-8nC P
M o X
Solution: O 2m ~ 2m
(@) By = +k 0 4 (800) 4.5N/C — 18N/C = —13.5N/C (directed left).
(4m)?2 2m)?

8nC (—8nC)

(b)) V=+4k— +k = 18V — 36V = —18V.
4m

2m

(€) U=qV = (—18V)(—1.6 x 10719C) = 2.9 x 10~ 187J.
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Consider two point charges positioned on the z-axis as shown.
(a) Find magnitude and direction of the electric field at point P.
(b) Find the electric potential at point P.
(c) Find the electric potential energy of an electron (mass m = 9.1 x 10~3'kg, charge
g = —1.6 x 10~ 19C) when placed at point P.
(d) Find magnitude and direction of the acceleration the electron experiences when released at

point P.
+8nC —-8nC P
M o X
Solution: O 2m ~ 2m
(@) By = +k 0 4 (800) 4.5N/C — 18N/C = —13.5N/C (directed left).
(4m)?2 2m)?

8nC (—8nC)

(b)) V=+4k— +k = 18V — 36V = —18V.
4m

2m
(€) U=qV = (—18V)(—1.6 x 10719C) = 2.9 x 10~ 187J.

_ —19 _
d) az = aBe _ (Z1.6 x 107 "C)(~13.5N/C) _ 2.4 x 1012ms™2 (directed right).
™m

9.1 x 10—31kg
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P
B - kq B kq . [(m +L/2)? —(x — L/2)*] 2kqLx
T @-L/2? @t+L/2? @ L2 Lj2)? | (2% - L2/4)?
~ 2];ZL = i:isp (for x > L)

Electric dipole moment: 7 = gL

e Note the more rapid decay of the electric field with distance from an electric dipole (~ r—3)
than from an electric point charge (~ r—?2).

e The dipolar field is not radial.

RELEE
|

i
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e Use spherical coordinates: V' = V (r, #) independent of azimuthal coordinate ¢.

e Superposition principle: V =V, +V_ =k ( d + (_q)> = kq L
r4+ T_— r—_r4+

: L cos
e Largedistances (r > L): r_ —ry ~ Lcosf, r_ry ~r2= V(r,0) ~k Kt

2
r
e Electric dipole moment: p = gL (magnitude)

pcos 6

e Electric dipole potential: V (r,0) ~ k

I”'2
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Consider two different perspectives:

#la Electric potential when q; is placed: V(ry) = Vo = o2
T12

Electric potential energy when g5 is placed into potential Vo: U = g2Vo = g L2
712
#1b Electric potential when g2 is placed: V(1) = V1 = K22
712
Electric potential energy when q; is placed into potential Vi: U = ¢1 V71 = L2
T12.
L
#2 Electric potential energy of g1 and ga: gl
1< r &
— Ry 1
U =3 Zqsz, a,
=1 r O
/
where V1 :kq—Q, ngkq—l. y

r12 r12
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#1 Place q1, then g2, then g3, and add all changes in potential energy:

U042 g <Q1QS N Q2Q3> _ 5 (Q1q2 U q2q3> |

#2 Symmetric expression of potential energy U in terms of the potentials V;
experienced by point charges ¢ :

3
1 q192 9193 G293
U==S"q¢V, =k ,
DI ( FEILEN )

r12 r13 r23

where
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