February 8, 2005

PHY 114 — First Hour Test — alternate version — solutions
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In this case r4 = (0.01x 4 0.02y) m, r; = 0, and ro = (0.01%) m

6 [ +3(0.01% + 0.02y) (—2)0.02y>
E(ry) = 8.98755 x 10° - 107° ( C. 2
(ra) [(0.01)2 + (0.02)2*2 ~ (0.02)3 / @
E(ry) = (24.116% + 3.2955)10°N. (3)
(b)
4
Vir 47rsoz|rA—r,| 4)
—2
V(ry) = 8.98755 x 10%-107° < +3 72 ( )> V = 3.07051 x 10°V. (5)
[(0.01)% + (0.02)?] 0.02
()
V(rp) = 8.98755 x 10? - 107° 3 (=2) V ==1.425233 x 10°V.  (6)
0.01 = 1/2(0.01)
W =q(V(ra) — V(rg)) =1 x 107 °(14.25233 — 3.07051) x 10° = 11.1818J.  (7)
2. (a)
QA . (1x107%)/03 , . 6/ »
E = 2eq (—2z2) = 5 8854 x 10712( z) = 1.8824 x 10°(—z)N/C. (8)
(b)
F=¢E=-2x10%-1.8824 x 10°(—2) = 0.03772N. (9)

(c) In addition to the upward electrical force, the particle experiences a downward
gravitational force of —mgz = —0.0098z V.

Fio. = (0.0377 — 0.0098)zN = 0.02792N. (10)

The particle has a net upward force and would accelerate upward.

3. Area of each face is A = a® = (1.3m)? = 1.69m>.

(a)
(babove = _AEabove = —1.69 - 5000Nm2 = —8450Nm2. (11)

(b)
Ppeiow = AFbelow = 1.69 - 8000Nm* = 13520 Nm”. (12)



4.

(c) The only contributions to the flux are from the upper and lower surfaces:

74 E - dA =1.69 - (8000 — 5000) Nm? = 507T0Nm?.

()

q= e 7{ E-dA = 8.854 x 1012 - 5070C = 4.49 x 10~°C.

(a) For series configuration:

Q1 = Qs.
1 1
av=o (L+2).
Q1 C, + c,
AV 100
Q= = = 1.5555 x 107*C.
Q1
Vi = == =22.2222V.
1 C,
Vo = Q» = T77.7778V.
Cy
(b)
Vi =V, = 100V.

Qi =CV; =7x%x107%-100C =7 x 107*C.
Qs =CyVo=2x10"%-100C =2 x 107*C.
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In preparation for solving this problem, it is helpful to define the currents I, I, and I5 as

shown.

We can solve this problem using Kirchhoft’s rules.

13 :Il-i-IQ.

(23)



£ —ILRy —I3R; =0, (24)
IQRQ - IlRl = 0 (25)

Solving these three equations we get the following answers for the currents. I; = 11.864 A,
I, =3.390 A, and I3 = 15.254 A.. We can deduce the voltages from

Vi=Ve=23729V and V3 =76.271 V.



