Chapter D - Problems

Blinn College - Physics 2426 - Terry Honan

Problem D.1

Two electrically neutral conductors sit near each other. If a 12V car battery is connected across the conductors then a total charge of
30 pC flows putting charges of +30 pC on the conductors.

(a) If two car batteries are used to create a 24 V potential difference between the conductors, then what is the total charge that flows?
(b) What is the capacitance of this configuration?

Solution to D.1
o Y 0, 24
A)0=CV = ==+~ = === = =60 pC
@0 0, Vv, 30 12 Q2 =60p
0 30pC
b)0=CV —= C===——=25pF
(b) 0 Vo v p

Problem D.2

An empty parallel plate capacitor with a plate separation of 2 mm is connected across a 12 V battery.
(a) What is the electric field between the plates?
(b) What is the surface charge density on each plate?

(c) If the charge on the each plate is 300 pC then what is its capacitance and what is the surface area of the plates in cm??

Solution to D.2

V= 12V,d= 2x103m

@E=Y=—"12__6000 ¥
d 2x1073 m

(b) o =g E=885x10712x6000 = 5.31x1078 %

m

© C= 0 _ 300x10~12
v 12

We can find the surface area either by using C = Cy =gy A/d or by using Q = 0 A. These formulas give the same answer because we

=25pF

are now just stepping through the derivation of the formula for Cy. The second form is easier to use here.

O=cA — a=2- 300x10~12

=565x10"4m2 = 56.5cm?
o 531x1078

Problem D.3

A 30 m long coaxial cable has an inner conductor with a 2.5 mm diameter and an outer conductor with an inside diameter of 7 mm
and an outer diameter of 8 mm. Suppose it is connected across a 1.5V battery with the positive terminal connected to the inner
conductor. What is the charge on each conductor? Assume the insulator between the conductors behaves as a vacuum.
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Solution to D.3

(a) We must first find the capacitance. For a cylindrical capacitor

2regl 278.85x10712x30

= = =1.6202x107° = 1.62nF.
In(bja) In(7/2.5)

=C0

Note that a and b are radii in the expression and diameters are given, but the ratio of the radii /a is the same as the ratio of diameters.
Also the ratio of two distances is the same in mm as m.

(b) The magnitude of the charge that flows is Q =C V.

0=CV= 1.6202%1079%1.5=243nC

Since the inside conductor is attached to the positive terminal it gains a positive charge and the outer conductor then gains a negative
charge.

Inner Conductor: Q =+243nC and Outer Conductor: Q = —-2.43 nC

Problem D.4

A conducting sphere with a 12 cm radius sits inside a hollow conducting sphere with an inside radius of 15 cm and an outside radius
of 20 cm, where all spherical surfaces are concentric. Suppose this is connected across a potential difference of 200 V. Assume the
region between the conductors is a vacuum.

(a) What is the magnitude of the charge that flows?

(b) How much energy is stored in this configuration?

Solution to D4

(a) We first need to find the capacitance. All of the capacitance is in the gap between the two conductors and thus the outside radius
of the outside conductor is irrelevant. For an empty spherical capacitor

1 1

) ke(l—%) ) 9.Ox109(ﬁ—ﬁ)

=6.66667x 10711 F

The charge is given by Q = C V with C from above and V =200 V.

0=CV=133nC

(b) the energy is given by U = % cVv? using ghe same values of C and V.

U:%CV2:1.33;1J

Problem D.5

A uniform electric field with a 300 V /m magnitude is in a room with dimensions 4m X 6 m X 3 m.
(a) What is the electric energy density in this field?
(b) What is the total electric energy in the room?
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Solution to D.5
(a) The energy density is u.

S

m3

U= %50 E2 = % 8.85% 107123002 = 3.98x 1077

(b) Since energy density is energy/volume, the total energy is:

Energy = U = u x volume = 3.98x 10~/ x (4x6x3) = 28.7 ul.

Problem D.6

The water molecule Hy O had a dipole moment of 6.3 X 10730 C-m. What is the maximum torque on a water molecule in an electric

field of magnitude 5000 V/m? How much work is required to rotate this from an aligned position to an anti-aligned (opposite the
field) position in the same field?

Solution to D.6

The torque vector for a dipole in an electric field is T = ﬁxﬁ so the magnitude of the torque is just 7= p Esinf. The maximum
torque is when sinf =1 (6 =90 °), so

Tmax =P E=6.3X 107305000 = 3.15% 10~20 N m.

The work is the change in the potential energy W = AU and potential energy is U = —ﬁﬁ =-pEcosé.

W=AU=-pEcos180°—— pEcos0°=2pE =2x63x1073% 5000
= 63x10720]

Problem D.7

A parallel plate capacitor with a plate area of 30 cm? and a plate separation of 2 mm is connected across a 250 V source.

(a) What are the electric field between the plates, the charge on the plates and the total energy stored?

(b) While still connected across the 250 V source suppose the plates are dropped into distilled water. What are the electric field
between the plates, the charge on the plates and the total energy stored?

(c) Suppose instead the 250 V source is disconnected before the plates are dropped into distilled water. What are the electric field
between the plates, the charge on the plates and the total energy stored?

Solution to D.7

d= 0002m, A= .0030 m2, V=250V and « = 80 (for water)
(a) To find the electric field we don't need the area A. The electric field is always related to the voltage by AV = — ﬁ -dT s0 here we
simple get V= Ed.

Vo220 _y25x105 Y

d 0002 m
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To find the energy we first need to find the capacitance of the empty capacitor Cy.

gn A
Co = 07 =885x10712 @ =13275%107!1 F

For part (a) the capacitor is empty so C = Cy. The charge on the plates is
0=CV=Cy250=332x10"7C.
The energy in the capacitor is
U= % cv2= % Cp 2502 =4.14x1077J.
(b) If the capacitor is dropped in water while connected to the voltage source then the voltage will stay fixed. The electric field will

keep the same value.

Vo250 _y25x105Y
4 0002 m

The capacitance increases by a factor of « = 80.
C=kCy=80Cy=80x13275x10"11 = 1.062x10°F
The charge and energy change since C has changed.
0=CV=C250=265x10""C.
U= % cv2= % €2502=332x1075 1.

(c) When the capacitor is disconnected from the battery and dropped in water then the charge on the plates will stay constant. The
capacitance is the same as in part (b) and the charge is then the sames as part (a)

C=1062x10"2F and 0=332x10"9C.

The voltage and electric field change.

v=2_315v= BV SV 3B 560 Y
C 40002 m
The energy also changes
2
v=Ltcv2=2 2519%10797.
2 2C



