ECE1813 Fall 2015 Assignment #2 Solutions

Exercises and Problems from chapter 28

28.45. Model: Mechanical energy is conserved.

Visualize:
.| Fov=+30x10°V

T @ \" = 0

30m

h
v, =50m/s

1 49nC

| o V=0V

m=10g

Solve: (a) Both gravitational and electric potential energy are involved. The electric potential between the plates is
V= Es, where s is measured from the more negative plate. The electric field between the plates is

AV 30x10°V
E=20 22750 Y 21 00x10° Vim
Conservation of energy is used to find the height.

Ki+U,+U,;=K;+U, s +Uy

%mrl2 +0T+g(0V)=0JT+mgh+qg(Eh)

lmvil l(l.Ox 107 kg)(5.0 m.~"s)2

=h= =085 m

mg+qE  (1.0x107 kg)(98 m/s?)+(4.0x10™7 C)(1.00x10° V/m)



28.49. Model: The electrons and the proton are point charges.
Visualize:

Solve: We are given that 1, =ry; =75 =1.0x107" m. From the geometry of the figure,

123 123

=c0830° = g = =05774x107" m=14=ry,

ryy 2cos30°

The contributions to the total potential energy are
(9.0x10” N m*/C?)(-1.60x107"" C)(~1.60x107" C)

S =2304x107"7)
1.0x107 m

Up=U;;=Uy

9 2502y -19 -19 ¢ .
UM=U,4=U34=(9'OXI0 N m~/C~)( l.60x109 C)(1.60x10 (')=—3,990x10"”1
- 05774x107" m

Summing all of the contributions,
Ugee =Up +U ;34 Uy 4+ U g + U5 + Uy

=3(2304x107"7 1) +3(=3990x107" ) ==51x107"7 ]

r
clec

Assess: Note that Uy, =U,, Uy =U;. and Uy =Us,. Uy =Uy,. Uy =Uys. and Uy =Uy;.

Conceptual Questions from chapter 29

- 1

29.6. (a) The electric field vector points in the direction of decreasing potential. Therefore V, = V.

=|~EAs|=|EAs|. The order is determined by the fact

(b) |AV, | <|aV, | <|AV,:|. For a uniform electric field |AV

that As ) <As y <As,.

(¢) Surface 1 is an equipotential surface because it is perpendicular to the electric field vectors. Surface 2 is not
perpendicular to the electric field so it is not an equipotential surface.

29.8. (a) ¥, =V,. Both spheres and the wire become one conductor and so are all at the same potential.

(b) Since ¥ =V;, LQ:L& thus &=& Since 1 >ry, Q) >0,.

dney, n 4dne ioon
) V )1 V‘v .
(¢) Recall £, =L(-—$=—' and £, =L£—;=—*, Since 1 >ny, E| <E;.
drey - R T dmey s - -

Exercises and Problems from chapter 29



29.4. Model: The potential difference is the negative of the area under the £ vs. x curve.
Visualize: Please refer to Figure EX29.4.
Solve: The potential difference between the origin and x=3.0m is
AV =V (x=3.0m)-V(x=0.0m) =-B(-100 VH1.Om—-0m)+ %(200 V)3.0m-1.0 m)]
=-150V
Thus VB3.0m)=V(0m)-150 V=-50 V-150 V=-200 V=-0.20kV
Assess: The potential decreases from the originto x=3.0 m.

29.11. Model: The electric field is the negative of the slope of the graph of the potential function.
Visualize: Please refer to Figure EX29.11.
Solve: There are three regions of different slope. For 0 em<x<10e¢m and 20 em < x <30 ¢m,

/ 4
i =0Vim = E =0V/m
Ax '
For 10em < x <20 ¢m,
AV 100 V—(-100 V)

Ax  020m-=0.10m

=2000 Vim = E,=-2000 V/m

E(x)Vim

0 20 30
0 : - xem

= 2000

Assess: Because £, =—dV/ds, the electric field is zero where the potential is not changing.

29.20. Solve: According to Equation 29.23,

—1 -1
Sl b e L S30xi08 P30 uF
¢ G G 6uf 10uF 16 uF

cq

29.21. Solve: According to Equation 29.21,
Coq=C+Co+Cy =6 uF+10 uF +16 uF =32 uF



29.38. Model: The electric field is the negative of the slope of the graph of the potential function.
Visualize: Please see Figure P29.38.
Solve: (a) At x=-2 cm, the slope of the potential curve is

~10V

2m

dVide =

= ‘_5 VJ"m

so the electric field is £=5 V/m.
(b) At x =-0 cm, the slope of the potential curve is
5
v idx =22 210 V/m
2m
so the electric field is £=-10 V/m.
(¢) At x =2 cm, the slope of the potential curve is

, -10V ,
dVidx = =-5V/m
2m
so the electric field is £=35 V/m.

29.48. Model: The battery is assumed to be ideal.
Visualize:

{] Battery

AV, AV,
A A A A A A
— 1 mm —1 mm -~ v d=2mm v

e

The pictorial representation shows the capacitor plates connected to a battery, the battery removed from the plates,

and the plates moved apart with insulating handles.

Solve: (a) The battery charges the plates through the wires. Once the wires are disconnected, the charge is trapped

on the plates and will not change as their spacing is increased. The initial capacitance of the plates is

A (8.85x107"F CF/N m?)(0.020 mx0.020 m)
d, 0.0010 m

C =3.54x10" F

Consequently, the initial voltage AV, =9.0 V charges the plates to
Q=+CAV =+(3.54x107" F)(9.0 V)=+3.2x107'' C

(b) The charge is still 0 =+3.2x107"" C after the spacing is increased, but the final capacitance is

C G2 G



