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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 points A and B.
(b) Find the electric potential at points A and B.

(c) Find the electric potential energy of a proton (mass m = 1.67 x 10~27kg, charge
g = 1.60 x 10~ 19C) when placed at point A or point B.

(d) Find magnitude and direction of the acceleration the proton experiences when released at
point A or point B.
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Solution:

4nC ] (=7nC)

(2m)2 (5m)2
_, 4nC (—=7nC)

Be =k emz 5 am)2

(@) Er = —k

= —9.00N/C + 2.52N/C = —6.48N/C.

— 1.00N/C — 7.00N/C = —6.00N /C.

AnC (=7nC)

(b) V =+k——+k = 18.0V — 12.6V = 5.4V.
m

5m
4nC  (=7nC
I e S

6m 3m

= 6.0V — 21.0V = —15.0V.

(€) U=qV = (5.4V)(1.6 x 10719C) = 8.64 x 107 197J.
U=qV =(—-15.0V)(1.6 x 10719C) = —2.40 x 10~ 18].

E, 1.6 x 10~ 19C)(—6.48N/C
d) a, = L2 — (1.6 x )( /C) _ —6.21 x 103ms™2.
m 1.67 x 10—27kg

E 1.6 x 10~ 19C)(—6.00N/C
0, = 2T (1.6 x )( /C) _ 575 % 10%ms~2.
m 1.67 x 10—27kg
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Consider three plane surfaces (one circle and two rectangles) with area vectors A; (pointing in
positive z-direction), Ay (pointing in negative z-direction), and As (pointing in negative y-direction)
as shown. The region is filled with a uniform electric field E = (—3i + 95 — 4k)N/C or

E = (2t — 65 + 5k)N/C.

(a) Find the electric flux <I>g) through surface 1.

Z
(b) Find the electric flux <I>§§) through surface 2.
(c) Find the electric flux <I>(b§) through surface 3. / 3m
4m
h—
y
3m Am
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Solution:

(@) Ay =n(1.5m)% =7.07m?i, @) = E. A} = (—3N/C)(7.07m?) = —21.2Nm?/C.
E

Ay = n(1.5m)?% = 7.0Tm?%;,

(b) Az = (3m)(4m)(—k) = —12m2k,
Ay = (3m)(4m)(—k) = —12m?k,

(b) A3 = (3m)(4m)(—j) = —12m?7,

Az = (3m)(4m)(—j) = —12m?j,

7. Ap = (2N/C)(7.07m?) = 14.1Nm?/C.

2 = (—4N/C)(—12m?) = 48Nm?/C.
- Ay = (5N/C)(—12m?) = —60Nm?/C.

= E - A3 = (9N/C)(—12m?) = —108Nm?/C.
E

5 = (—6N/C)(—12m?) = 72Nm?/C.
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An electron (m. = 9.11 x 1073'kg, ge = —1.60 x 10~?C) and a proton (m, = 1.67 x 10~27kg,

qp = +1.60 x 10~ 12C) are released from rest midway between oppositely charged parallel plates.
The electric field between the plates is uniform and has strength £ = 40V/m. Ignore gravity.

Which plate is positively (negatively) charged?

Find the electric forces F} acting on the proton and F. acting on the electron (magnitude and
direction).

Find the accelerations @, of the proton and d. of the electron (magnitude and direction).

If plate 1 is at potential V; = 1V at what potential V5 is plate 27? V. vV
If plate 2 is at potential V> = 2V at what potential V1 is plate 1? 1

2

©
— ~
Q Q
I E ©
o o
©)

= 0.4m =




Solution:

(a) plate 1 (plate 2)

(b) F, = |gp|E = 6.40 x 10~ 8N. (directed right).
F. = |qe|E = 6.40 x 107 '®N. (directed left).

(©) ap = Fp/my = 3.83 x 109m/s?.  (directed right).
ae = Fe/me = 7.03 x 10'%2m/s?. (directed left).

(d) Vo =1V — (40V/m)(0.4m) = —15V,
Vi =2V 4+ (40V/m)(0.4m) = 18V.
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