
PHYSICS 231 - Solution Key to Sample Test 2

1a. Initially, the capacitor has capacitanceC0, say. Then the voltage isV0 = Q/C0.

In the tank of oil, the capacitance becomesC = KC0 and the voltageV = Q/C = V0/K.
Therefore, the voltagedecreasesand so does the electric field, because it is proportional to the
voltage.

1b. The current is proportional to the speedv. Since the current is constant through the resistor, so
is the speedv. The kinetic energy of an electron is1

2
mv2. If v doesn’t change, no kinetic energy

is lost.

As the electron goes through the resistor, it loses potential energyeV . The heatIV in the
resistor is due to the loss of potential energy.

1c. The power isP = V 2/R, soP ∝ 1/R. The 60-W bulb hastwice the resistance of the 120-W
bulb.

1d. Yes, if you shortcircuit the terminals of the battery.

2a. The capacitors betweena andd are connected in parallel, so the capacitance betweena andd is

Cad = C1 + C2 = 20 nF

The capacitors betweenb andd are connected in series, so the capacitance betweenb andd is

Cbd =
1

1
C3

+ 1
C4

= 4.8 nF

Cad andCbd are connected in series, so the capacitance betweena andb is

Cab =
1

1
Cad

+ 1
Cbd

= 3.87 nF

2b. The charge onCab is
Q = CabVab = 1.16 µC

This is also the charge onCad andCbd, because they are connected in series.

Cbd is made ofC3 andC4 in series, soC3 andC4 have chargeQ (same asCbd).

Cad is made ofC1 andC2 in parallel, soC1 has chargeQ1 andC2 has chargeQ2. They all have
the same voltage, so

Vad =
Q

Cad

=
Q1

C1

=
Q2

C2

so

Q1 = C1
Q

Cad

= 0.464 µF , Q2 = C2
Q

Cad

= 0.696 µF

2c. Vad = Q/Cad = 58 V.



2d.

U1 =
Q2

1

2C1

= 1.3× 10−5J , U2 =
Q2

2

2C2

= 2.0× 10−5J

U3 =
Q2

2C3

= 8.4× 10−5J , U4 =
Q2

2C4

= 5.6× 10−5J

3a. The wire throughc has two resistors in series and resistance

Rc = 2 + 4 = 6 Ω

The wire throughd has two resistors in series and resistance

Rd = 4 + 2 = 6 Ω

Rc andRd are in parallel, so the total resistance is

R =
1

1
Rc

+ 1
Rd

= 3 Ω

3b. The current througha andb is

Ia = Ib =
E
R

= 8 A

SinceRc = Rd, this current splits into two equal currents,

Ic = Id =
8 A

2
= 4 A

3c.
Vab = E = 24 V

Vcd = Vcb + Vbd = 4Ic − 2Id = 8 V


