
1.) I = 4.8 A for 2 hours

€ 

I =
ΔQ
Δt

so

€ 

ΔQ = I ⋅ Δt = 4.8 A( ) 7200 s( ) = 4.8 C
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 7200 s( ) =  34,560 C

2.) ΔQ = 72 C, Δt = 1 hr, n = 5.8 x1028 e’s/m3, D = 1.3 mm

a.)

€ 

I =
ΔQ
Δt

=
72 C

3600 s
=  0.02 A

b.)

€ 

I = nqvd A so

€ 

vd =
I
nqA

=
0.02 A( )

5.8 x 1028 m-3( ) 1.6 x 10-19C( ) π 0.65 x 10-3 m( )
2⎛ 

⎝ 
⎜ ⎞ 

⎠ 
⎟ 

=  1.62 x 10-6 m
s

3.)   

€ 

l = 35.0 m and D = 2.06 mm

for copper ρ = 1.72 x 10-8 Ω⋅m

  

€ 

RCu =
ρl
A

=
1.72 x 10-8Ω ⋅m( ) 35 m( )

π 1.025 x 10-3 m( )
2 =  0.18 Ω

for gold ρ = 2.44 x 10-8 Ω⋅m

  

€ 

RAu =
ρl

A
=

2.44 x 10-8Ω ⋅m( ) 35 m( )

π 1.025 x 10-3 m( )
2 =  0.26 Ω

for silver ρ = 1.47 x 10-8 Ω⋅m

  

€ 

RCu =
ρl
A

=
1.47 x 10-8Ω ⋅m( ) 35 m( )

π 1.025 x 10-3 m( )
2 =  0.16 Ω

4.) DCu = 2.2 mm

  

€ 

RCu
l

=
ρ
A

=
1.72 x 10-8Ω ⋅m( ) 35 m( )

π 1.1 x 10-3 m( )
2 =  4.52 x 10-3 Ω

m

  

€ 

R
l

=
ρ
A

=
ρ

π ⋅ r 2
so

  

€ 

r =
ρl

π ⋅R
=

2.75 x 10-8Ω ⋅m( )
π 4.52 x 10-3 Ω

m
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

=  1.39 x 10-3 m 

€ 

D = 2r = 2 1.39 x 10-3 m( ) =  2.78 x 10-3 m

5.) R = 1.00 Ω for copper wire with diameter D = 0.750 mm and length   

€ 

l

  

€ 

R =
ρl
A

so
  

€ 

l =
RA
ρ

=
1.00 Ω( )π 0.375 x 10-3 m( )

2

1.72 x 10-8Ω ⋅m( )
=  26 m 

6.)
Terminal voltage is 20.2 V for the 24 V battery

a.)   

€ 

Vab = E − Ir so
  

€ 

r =
E −Vab

I
=

24 V− 20.2 V( )
4 A

=  0.95 Ω

b.)

€ 

VR = Vab =  20.2 V and

€ 

V = IR or

€ 

R =
V
I

=
20.2 V( )

4 A( )
=  5.05 Ω

r

4.00 A

+

-24.0 V
R

4.00 A

a

b
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7.)
Ideal voltmeter has infinite resistance and there will be no current.

a.) I = 0

b.)   

€ 

Vab = E − Ir = 5.0 V− 0 =  5.0 V

c.) Voltmeter will read the terminal voltage of the battery V = Vab =  5.0 V

8.)
a.) Kirchhoff’s Loop rule:

Going clockwise starting at b

€ 

V16V −V1.6Ω −V5.0Ω −V1.4Ω −V8V −V9.0Ω = 0

€ 

16 V− I 1.6 Ω( ) − I 5.0 Ω( ) − I 1.4 Ω( ) − 8.0 V− I 9.0 Ω( ) =  0

€ 

8 V− I 17 Ω( ) =  0 and

€ 

I =
8 V

17 Ω
=  0.471 A and is clockwise

b.)   

€ 

Vab = E − Ir = 16.0 V− 0.471 A( ) 1.6 Ω( ) =  15.25 V

c.)

€ 

Vac = Va −Vc making point c the reference point (i.e. Vc = 0).

€ 

Va = −I 9.0 Ω( ) +16 V− I 1.6 Ω( ) = 16 V− 0.471 A( ) 10.6 Ω( ) =  11.01 V

€ 

Vac = Va −Vc = 11.01 V− 0 =  11.01 V

9.)
a.) Kirchhoff’s Loop rule:

Going counterclockwise starting at a

€ 

−V1.6Ω +V16V −V9.0Ω +V8V −V1.4Ω −V5.0Ω = 0

€ 

−I 1.6 Ω( ) +16 V− I 9.0 Ω( ) + 8.0 V− I 1.4 Ω( ) − I 5.0 Ω( ) =  0

€ 

24 V− I 17 Ω( ) =  0 and

€ 

I =
24 V
17 Ω

=  1.41 A and is counterclockwise

b.)   

€ 

Vab = E − Ir = 16.0 V− 1.41 A( ) 1.6 Ω( ) =  13.74 V

c.)

€ 

Vac = Va −Vc making point c the reference point (i.e. Vc = 0).

€ 

Va = I 9.0 Ω( ) −16 V + I 1.6 Ω( ) = 1.41 A( ) 10.6 Ω( ) −16 V =  -1.05 V

€ 

Vac = Va −Vc = -1.05 V− 0 =  -1.05 V

10.) P = 369 W and V = 18.0 V

€ 

P = IV =
V
R
V =

V 2

R
so

€ 

R =
V 2

P
=

18 V( )2

369 W
=  0.878 Ω

11.) V = 12.0 V and I =0.29 A

€ 

P = IV and

€ 

E = Pt = IVt = 0.29 A( ) 12 V( ) 16,200 s( ) =  5.64 x 104 J

t = 4.5 hr = 16,200 s

0.5 Ω
+

-5.0 V
2.0 Ω

V

b

a

1.6 Ω
+

-16.0 V
b

+

-8.0 V

1.4 Ω
a

c9.0 Ω

5.0 Ω

1.6 Ω

+
-16.0 V

b -
+
8.0 V

1.4 Ω
a

c9.0 Ω

5.0 Ω
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1.)

R1 = 12 Ω, R2 = 20.0 Ω, R3 = 30.0 Ω, and R4 = 40.0 Ω.  The potential difference 
between a and b is 96 V.

a.)

R2 and R4 are in series and can be replaced by their equivalent:

€ 

R24 = R2 + R4 = 20 Ω + 40 Ω =  60 Ω

R24 and R3 are in parallel and can be replaced by their equivalent:

€ 

1
R234

=
1
R24

+
1
R3

=
1

60 Ω
+

1
30 Ω

and

€ 

R234 =  20 Ω

R234 and R1 are in series and can be replaced by their equivalent:

€ 

Req = R1234 = R1 + R234 = 12 Ω + 20 Ω =  32 Ω

b.)

The current coming out of the battery is:

€ 

I1 =
Vab
Req

=
96 V
32 Ω

=  3 A

This is the current through R1 and the equivalent R234.  Also,

€ 

V1 = I1R1 = 3 A( ) 12 Ω( ) =  36 V and

€ 

V234 = I1R234 = 3 A( ) 20 Ω( ) =  60 V

The voltage across R3 and the equivalent R24 is the same as that across 
their equivalent R234 because they are in parallel.  

So,

€ 

V3 = V24 = V234 =  60 V

Also,

€ 

I 2 =
V3

R3

=
60 V
30 Ω

=  2 A and

€ 

I 3 =
V24

R24

=
60 V
60 Ω

=  1 A

(Note that 

€ 

I1 = I 2 + I 3 )

Finally, I3 is the current in R2 and R4 because they are in series and have 
the same current as their equivalent.

and

€ 

V2 = I 3R2 = 1 A( ) 20 Ω( ) =  20 V

€ 

V4 = I 3R4 = 1 A( ) 40 Ω( ) =  40 V

(Note that 

€ 

V24 = V2 +V4 )

R1

R3

R2

R4

a

b d

c

R1

R234 = 20 Ω

a

b

a

Req = 32 Ω

b

Req = 32 Ω

b

a
I1

R1

R234 = 20 Ω

a

b

I1

R1

R3 R24 = 60 Ω

a

b
d

c

I1 I2

I3

R1

R3 R24 = 60 Ω

a

b
d

c

R1

R3

R2

R4

a

b d

c

I3
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1.) b.) To summarize:

c.)

€ 

P = I1Vab = 3 A( ) 96 V( ) =  288 W This is same as the sum of the individual powers for each resistor.

2.)

a.) Applying Kirchhoff’s Loop Rule to Loop 1,

  

€ 

E1 + 8 V = 2 A( ) 1 Ω( ) + 2 A( ) 3 Ω( ) + I1 6 Ω( )   (1)

Applying Kirchhoff’s Loop Rule to Loop 2,

€ 

8 V = I1 6 Ω( ) − I 2 12 Ω( )   (2)

Applying Kirchhoff’s Junction Rule to node a,

€ 

I1 + I 2 = I or

€ 

I 2 = 2 A − I1  (3)

Combining equations (2) and (3):

€ 

8 V = I1 6 Ω( ) − 2 A − I1( ) 12 Ω( ) = −24 V + I1 18 Ω( )

€ 

32 V = I1 18 Ω( ) and

€ 

I1 =
32 V
18 Ω

=  1.78 A

Substituting this into (1):   

€ 

E1 + 8 V = 2 A( ) 1 Ω( ) + 2 A( ) 3 Ω( ) + 1.78 A( ) 6 Ω( ) =  18.67 V

  

€ 

E1 = 18.67 V− 8 V = 10.67 V

b.)

€ 

I 2 = 2 A − I1 = 2 A −1.78 A =  0.22 A

c.)

€ 

P1Ω = IV = I 2R = 2 A( )2 1 Ω( ) =  4 W

€ 

P3Ω = IV = I 2R = 2 A( )2 3 Ω( ) =  12 W

€ 

P6Ω = IV = I 2R = 1.78 A( )2 6 Ω( ) =  19 W

€ 

P12Ω = IV = I 2R = 0.22 A( )2 12 Ω( ) =  0.58 W

d.)

€ 

P10.67V = IV = 2 A( ) 10.67 V( ) =  21.34 W

€ 

P8V = IV = 1.78 A( ) 8 V( ) =  14.24 W

Power from batteries is:

€ 

Pbatteries = P10.67V + P8V = 21.34 W +14.24 W =  35.6 W

Power dissipated in resistors:

€ 

Presistors = P1Ω + P3Ω + P6Ω + P12Ω =  4 W +12 W +19 W + 0.58 W =  35.6 W

Resistor Resistance Current Voltage Power
R1 12 Ω 3 A 36 V 108 W

R2 20 Ω 1 A 20 V 20 W

R3 30 Ω 2 A 60 V 120 W

R4 40 Ω 1 A 40 V 40 W

+

-
E1

 -
 +

8.0 V

3.0 Ω

12.0 Ω1.0 Ω 6.0 Ω

I = 2.0 A

I1 I2

Loop 1 Loop 2

a
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3.)
a.) Applying Kirchhoff’s Loop Rule to Loop 1:

€ 

12 V = I1 1 Ω( ) + I1 3 Ω( ) + 2 A( )R = I1 4 Ω( ) + 2 A( )R   (1)

Applying Kirchhoff’s Loop Rule to Loop 2:

€ 

12 V = I 2 8 Ω( ) + I 2 4 Ω( ) + 2 A( )R = I 2 12 Ω( ) + 2 A( )R   (2)

Applying Kirchhoff’s Junction Rule to node a,

€ 

I1 + I 2 = I = 2 A   (3)

Subtracting equation (1) from equation (2):

€ 

0 = I 2 12 Ω( ) − I1 4 Ω( ) = 3I 2 − I1  (4)

Combining equation (3) and (4):

€ 

2 A = 4I 2 and

€ 

I 2 =
2 A
4

 =  0.5 A and

€ 

I1 = I − I 2 = 2 A − 0.5 A =  1.5 A

Returning to equation (1):

€ 

12 V = I1 4 Ω( ) + 2 A( )R = 1.5 A( ) 4 Ω( ) + 2 A( )R = 6 V + 2 A( )R

€ 

R =
12 V− 6 V( )

2 A( )
= 3 Ω

b.) Found currents in part (a).  Voltages are:

€ 

V1Ω = I1R = 1.5 A( ) 1 Ω( ) =  1.5 V

€ 

V3Ω = I1R = 1.5 A( ) 3 Ω( ) =  4.5 V

€ 

V8Ω = I 2R = 0.5 A( ) 8 Ω( ) =  4 V

€ 

V4Ω = I 2R = 0.5 A( ) 4 Ω( ) =  2 V

€ 

VR = IR = 2 A( ) 3 Ω( ) =  6 V

To summarize:

a.) (Again)

Currents can easily be obtained by recognizing that I1 and I2 are in parallel branches and divide the current I.

€ 

I1 =
R2

R1 + R2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ I =

12 Ω
4 Ω +12 Ω
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 2 A( ) = 1.5 A

€ 

I 2 =
R1

R1 + R2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ I =

4 Ω
4 Ω +12 Ω
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 2 A( ) = 0.5 A

(R1 is the total resistance of branch 1 and R2 is the total resistance of branch 2.)

Resistance Current Voltage
3 Ω 2 A 6 V

1 Ω 1.5 A 1.5 V

3 Ω 1.5 A 4.5 V

8 Ω 0.5 A 4 V

4 Ω 0.5 A 2 V

 -
 +

12 V

3.0 Ω

4.0 Ω1.0 Ω RI = 2.0 A

8.0 Ω

I2

I1

a

Loop 1 Loop 2
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4.)
a.) Applying Kirchhoff’s Loop Rule to Loop 1:

€ 

6 V +12 V = 12 Ω + 2 Ω( )I1 + 6 Ω( )I 2

€ 

18 V = 14 Ω( )I1 + 6 Ω( )I 2   (1)

Applying Kirchhoff’s Loop Rule to Loop 2:

€ 

6 V +12 V = 6 Ω( )I 2 + 4  Ω + 8 Ω( )I 3

€ 

18 V = 6 Ω( )I 2 + 12 Ω( )I 3   (2)

Applying Kirchhoff’s Junction Rule to node a,

€ 

I1 + I 3 = I 2   (3) so 

€ 

I 3 = I 2 − I1  (3*) and substituting this into equation (2) gives:

€ 

18 V = 6 Ω( )I 2 + 12 Ω( ) I 2 − I1( )

€ 

18 V = −12 Ω( )I1 + 18 Ω( )I 2   (2*)

Multiplying equation (1) by 3 gives:

€ 

54 V = 42 Ω( )I1 + 18 Ω( )I 2   (1*)

and subtracting equation (2*) from (1*) gives:

€ 

36 V = 54 Ω( )I1 and

€ 

I1 =
36 V
54 Ω

= 0.67 A

From equation (1*):

€ 

I 2 =
18 V + 12 Ω( )I1

18 Ω
=

18 V + 12 Ω( ) 0.67 A( )
18 Ω

= 1.45 A

Finally, from (3*):

€ 

I 3 = I 2 − I1 = 1.45 A − 0.67 A = 0.78 A

Voltages are:

€ 

V2Ω = I1R = 0.67 A( ) 2 Ω( ) =  1.34 V

€ 

V12Ω = I1R = 0.67 A( ) 12 Ω( ) =  8 V

€ 

V4Ω = I 2R = 0.78 A( ) 4 Ω( ) =  3.12 V

€ 

V8Ω = I 2R = 0.78 A( ) 8 Ω( ) =  6.24 V

€ 

V6Ω = I 2R = 1.45 A( ) 6 Ω( ) =  8.7 V

To summarize:

b.)

€ 

P6V = I1V = 0.67 A( ) 6 V( ) =  4 W

€ 

P6V = I 2V = 0.78 A( ) 6 V( ) =  4.7 W

€ 

P12V = IV = 1.45 A( ) 12 V( ) =  17.4 W

Resistance Current Voltage
2 Ω 0.67 A 1.34 V

12 Ω 0.67 A 8 V

4 Ω 0.78 A 3.12 V

8 Ω 0.78 A 6.24 V

6 Ω 1.45 A 8.7 V

HO 37 Solutions
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+

-

2.0 Ω 4.0 Ω

6.0 Ω

8.0 Ω12Ω

6.0 V

12 V

 -
6.0 V

I1 I2I2

Loop 1 Loop 2

a



 Alternative solution using Mesh Currents:

4.)
a.) Using Loop Method (Mesh Currents):

€ 

12 V + 6 V = 20 Ω( )I1 + 6 Ω( )I 2  (Loop 1)

€ 

18 V = 20 Ω( )I1 + 6 Ω( )I 2   (1)

€ 

18 V = 6 Ω( )I1 + 18 Ω( )I 2   (2) (Loop 2)

Multiplying equation (1) by (3) gives:

€ 

54 V = 60 Ω( )I1 + 18 Ω( )I 2

and subtracting equation (2) gives:

€ 

36 V = 54 Ω( )I1 and

€ 

I1 =
36 V
54 Ω

= 0.67 A

From equation (1):

€ 

3 A = 3.33I1 + I 2 and

€ 

I 2 = 3 A − 3.33I1 = 3 A − 3.33 0.67 A( ) = 0.78 A

I1 is the current in the 2 Ω and 12 Ω resistors.

I2 is the current in the 4 Ω and 8 Ω resistors.

I1 + I2 = 1.45 A is the current in the 6 Ω resistor.

Voltages are:

€ 

V2Ω = I1R = 0.67 A( ) 2 Ω( ) =  1.34 V

€ 

V12Ω = I1R = 0.67 A( ) 12 Ω( ) =  8 V

€ 

V4Ω = I 2R = 0.78 A( ) 4 Ω( ) =  3.12 V

€ 

V8Ω = I 2R = 0.78 A( ) 8 Ω( ) =  6.24 V

€ 

V6Ω = IR = 1.45 A( ) 6 Ω( ) =  8.7 V

To summarize:

b.)

€ 

P6V = I1V = 0.67 A( ) 6 V( ) =  4 W

€ 

P6V = I 2V = 0.78 A( ) 6 V( ) =  4.7 W

€ 

P12V = IV = 1.45 A( ) 12 V( ) =  17.4 W

Resistance Current Voltage
2 Ω 0.67 A 1.34 V

12 Ω 0.67 A 8 V

4 Ω 0.78 A 3.12 V

8 Ω 0.78 A 6.24 V

6 Ω 1.45 A 8.7 V

 -
++

+

-

2.0 Ω 4.0 Ω

6.0 Ω

8.0 Ω12Ω

6.0 V

12 V

 -
6.0 V

I1 I2
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5.)
R1 = R2 = R3 = R4 = 1.0 Ω, and R5 = 2.0 Ω.
The voltage across the battery is 13 V and it has no internal resistance.

a.)
Applying Kirchhoff’s Loop rule on Loop 1:

  

€ 

E = I1R1 + I 4R4 or

€ 

13 V = I1 1 Ω( ) + I 4 1 Ω( )   (1)

Applying Kirchhoff’s Loop rule on Loop 2:

€ 

0 = I1R1 − I 3R3−I 2R2 or

€ 

0 = I1 1 Ω( ) − I 2 1 Ω( ) − I 3 1 Ω( )   (2)

Applying Kirchhoff’s Loop rule on Loop 3:

€ 

0 = I 3R3 + I 4R4 − I 5R5 or

€ 

0 = I 3 1 Ω( ) + I 4 1 Ω( ) + I 5 2 Ω( )   (3)

Applying Kirchhoff’s Junction rule on junction a:

€ 

I = I1 + I 2 and 0 = I − I1 − I 2   (4)

Applying Kirchhoff’s Junction rule on junction c:

€ 

I1 + I 3 = I 4  and 0 = I1 + I 3 − I 4   (5)

Applying Kirchhoff’s Junction rule on junction d:

€ 

I 2 = I 3 + I 5 and 0 = I 2 − I 3 − I 5  (6)

We have six equations with six unknowns.  Setting up a matrix gives:

€ 

0 1 Ω 0 0 1 Ω 0
0 1 Ω −1 Ω −1 Ω 0 0
0 0 0 1 Ω 1 Ω −2 Ω
1 −1 −1 0 0 0
0 1 0 1 −1 0
0 0 1 −1 0 −1

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

⋅

I
I1
I 2

I 3

I 4

I 5

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

=

13 V
0
0
0
0
0

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

using matrix operations on a calculator: I = 11 A, I1 = 6 A, I2 = 5 A, I3 = 1 A, I4 =7 A,  and I5 = 4 A

Resistor Resistance Current Voltage
R1 1 Ω 6 A 6 V

R2 1 Ω 5 A 5 V

R3 1 Ω 1 A 1 V

R4 1 Ω 7 A 7 V

R5 2 Ω 4 A 8 V

HO 37 Solutions
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+

-
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b

c
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I2

I4 I5
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b.) The equivalent resistance is found using the current (I) from the battery.  (Nothing is in parallel or series so 
ordinary methods for finding equivalent resistance will not work.)

€ 

V = IR and   

€ 

E = IReq so
  

€ 

Req =
E
I

=
13 V
11 A

=  1.18 Ω

(Solution using Mesh Currents)

R1 = R2 = R3 = R4 = 1.0 Ω, and R5 = 2.0 Ω.
The voltage across the battery is 13 V and it has no internal resistance.

a.)
Applying Kirchhoff’s Loop rule on Loop 1 (the loop containing I1):

  

€ 

E = I1 R1 + R4( ) − I 2R1 − I 3R4 or

€ 

13 V = I1 2 Ω( ) − I 2 1 Ω( ) − I 3 1 Ω( )   (1)

Applying Kirchhoff’s Loop rule on Loop 2 (the loop containing I2):

€ 

0 = −I1R1 + I 2 R1 + R2 + R3( ) − I 3R3 or

€ 

0 = −I1 1 Ω( ) + I 2 3 Ω( ) − I 3 1 Ω( )   (2)

Applying Kirchhoff’s Loop rule on Loop 3 (the loop containing I3):

€ 

0 = −I1R4 − I 2R3 + I 3 R3 + R4 + R5( ) or

€ 

0 = −I1 1 Ω( ) − I 2 1 Ω( ) + I 3 4 Ω( )   (3)

We have three equations with three unknowns.  Setting up a matrix gives:

€ 

2 Ω −1 Ω −1 Ω
−1 Ω 3 Ω −1 Ω
−1 Ω −1 Ω 4 Ω

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 

⋅

I1
I 2

I 3

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 

=

13 V
0
0

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 

using matrix operations on a calculator: I1 = 11 A, I2 = 5 A, and I3 = 4 A

for R1 the current through it is 

€ 

I1 − I 2 = 11 A − 5 A = 6 A

for R2 the current through it is 

€ 

I 2 = 5 A

for R3 the current through it is 

€ 

I 2 − I 3 = 5 A − 4 A = 1 A

for R4 the current through it is 

€ 

I1 − I 3 = 11 A − 4 A = 7 A

for R5 the current through it is 

€ 

I 3 = 4 A

R1 R2

R5R4

R3

+

-
E d

b

c

a

I1

I2

I3
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6.)

With no current through the galvanometer, the current through R1 and R3 is the same and equal to I1.

Also, the current through R2 and Rx is the same and equal to I2.

The potential at point c is the same as the potential at point d (There is no current through the meter, therefore there
is no voltage drop since 

€ 

VG = IGRG = 0 ).  Therefore, Vac = Vad and Vcb = Vdb.

Using Ohm’s Law:

for R1

€ 

VR1 = Vac = I1R1 and for R2

€ 

VR2 = Vad = I 2R2

since Vac = Vad it follows that

€ 

I1R1 = I 2R2   or

€ 

I1 = I 2
R2
R1

  (1)

for R3

€ 

VR3 = Vcb = I1R3 and for Rx

€ 

VRx = Vdb = I 2Rx

since Vcb = Vdb it follows that

€ 

I1R3 = I 2Rx   or

€ 

I1 = I 2
Rx

R3
  (2)

Comparing equations 1 and 2 it follows that:

€ 

I 2
R2
R1

= I 2
Rx

R3
and

€ 

R2
R1

=
Rx

R3

Therefore:

€ 

Rx =
R2R3
R1

Method 2:

When bridge is balanced there is no current through the galvanometer.

Therefore:  I2 = I3

Applying Kirchhoff’s Loop rule on Loop 2 (the loop containing I2):

€ 

0 = −I1R1 + I 2 R1 + R2( )   (1)

Applying Kirchhoff’s Loop rule on Loop 3 (the loop containing I3):

€ 

0 = −I1R3 + I 3 R3 + Rx( ) = −I1R3 + I 2 R3 + Rx( )   (2)

From equation 1 it follows that:

€ 

I 2 =
I1R1

R1 + R2( )
 and from equation 2 it follows that:

€ 

I 2 =
I1R3

R3 + Rx( )

Therefore:

€ 

I1R1
R1 + R2( )

=
I1R3

R3 + Rx( )
and

€ 

R1 R3 + Rx( ) = R3 R1 + R2( ) and

€ 

R1R3 + R1Rx = R3R1 + R3R2

so

€ 

R1Rx = R3R2 and

€ 

Rx =
R3R2
R1

R1 R2

RxR3

+

-
E d

b

c

a

GI1 I2

R1 R2

RxR3

+

-
E d

b

c

a

GI1

I2

I3
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Another look at Problem 3:

3.)
a.)

The equivalent resistance for the entire circuit is:

€ 

Req =
V12V

I
=

12 V
2 A

= 6 Ω

€ 

Req = R +  3 Ω = 6 Ω so

€ 

R = 3 Ω

 -
 +

12 V

12.0 Ω4.0 Ω RI = 2.0 A

a

 -
 +

12 V

3.0 Ω

4.0 Ω1.0 Ω RI = 2.0 A

8.0 Ω
a

 -
 +

12 V

3.0 ΩRI = 2.0 A

a
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1.) Rcoil = 50.0 Ω, Ifs = 300 µA

a.)
Ammeter reading 10 A full scale.

Voltage on Rcoil  and Rshunt are the same (they are parallel).

€ 

Vcoil = Vshunt or

€ 

I fsRcoil = I shuntRshunt = I − I fs( )Rshunt

€ 

Rshunt =
I fsRcoil

I − I fs( )
=

300 x 10-6 A( ) 50 Ω( )
10 A − 300 x 10-6 A( )

=  1.5 x 10-3Ω

b.)
Voltmeter reading 500 V full scale.

€ 

Vab = Vs +Vcoil = I fsRs + I fsRcoil

€ 

Rs =
Vab − I fsRcoil

I fs
=

500 V− 300 x 10-6 A( ) 50 Ω( )( )
300 x 10-6 A( )

=  1.67 x 106Ω

2.)
a.) Voltmeter reads 44.6 V so Vab = 44.6 V.

€ 

Vab = I 2R so

€ 

I 2 =
Vab
R

=
44.6 V
582 Ω

=  0.0766 A

Applying Kirchhoff’s Loop rule to loop with battery:

€ 

90 V = 44.6 V + I1 429 Ω( ) and

€ 

I1 =
90 V− 44.6 V( )

429 Ω( )
=  0.1058 A

At junction a:

€ 

I1 = I 2 + I 3 or

€ 

I 3 = I1 − I 2 = 0.1058 A − 0.0766 A =  0.0292 A

Finally the meter is parallel to 582 Ω resistor and has same voltage.

€ 

Vab = I 3Rs and

€ 

Rs =
Vab
I 3

=
44.6 V

0.0292 A
=  1527 Ω

b.)

The meter resistance is parallel to 429 Ω resistor and their equivalent 
resistance is:

€ 

1
Rab

=
1

1527 Ω
+

1
429 Ω

and Rab = 334.9 Ω

This is in series with the 582 Ω resistor so their equivalent resistance is:

€ 

Req = 334.9 Ω + 582 Ω = 916.9 Ω

Also:

€ 

I1 =
V90V

Req

=
90 V

916.9 Ω
=  0.0982 A

The voltmeter reads Vab and

€ 

Vab = I1Rab = 0.0982 A( ) 334.9 Ω( ) =  32.9 V

Rcoil

I = 10 A a b

GIfs

Rshunt

Ishunt = I - Ifs

Rcoil

Vab = 500 Va b

GIfs

Rs

90 V

a

+ -
582 Ω 429 Ω

b

V
Rs

I1

I2 I1

I3

90 V

a

+ -
582 Ω 429 Ω

b

V
Rs

I1

90 V

a

+ -
582 Ω 334.9 Ω

b

I1
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3.) The meters will deflect full-scale when the voltage across them is 150 V:

For meter 1:

€ 

I fs1 =
V
R1

=
150 V

15 x 103Ω
=  0.01 A

For meter 2:

€ 

I fs2 =
V
R2

=
150 V

150 x 103Ω
=  0.001 A

The actual current through each is:

€ 

I =
V120V

R1 + R2

=
120 V

15 x 103Ω +150 x 103Ω( )
=  7.27 x 10-4 A

Reading on each meter will be:

€ 

Vmeter = Vfs
I
I fs

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ 

so

€ 

Vmeter1 = Vfs1
I
I fs1

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ = 150 V( ) 7.27 x 10-4 A

0.01 A
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ =  10.9 V

(Note that the sum is 120 V)

and

€ 

Vmeter2 = Vfs2
I
I fs2

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ = 150 V( ) 7.27 x 10-4 A

0.001 A
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ =  109.1 V

4.)
Applying Kirchhoff’s Loop rule:

€ 

V100V = Ir + IRs

€ 

I =
V100V

r + Rs( )
=

100 V
5.83 Ω + 478 Ω( )

=  0.207 A

The terminal voltage Vab is:

€ 

Vab = V100V − Ir = 100 V− 0.207 A( ) 5.83 Ω( ) =  98.8 V

5.)
a.) Applying Kirchhoff’s Junction rule at junction a:

€ 

6 A = I + 4 A so

€ 

I = 6 A − 4 A =  2 A

b.) The 3 Ω resistor is parallel to the 28 V battery and R so they have the same 
voltage.

€ 

V3Ω = IR = 6 A( ) 3 Ω( ) =  18 V and

€ 

V3Ω = V28V − IR

Therefore:

€ 

R =
V28V −V3Ω( )

I
=

28 V−18 V( )
2 A

=  5 Ω

c.) The 3 Ω resistor is also parallel to emf E and the 6 Ω resistor so they have the same voltage.

  

€ 

V3Ω = E − IR and   

€ 

E = V3Ω + IR = 18 V + 4 A( ) 6 Ω( ) =  42 V

d.)
Applying Kirchhoff’s Loop rule:

€ 

V28V = VR +V3Ω = IR + IR3Ω

€ 

I =
V28V

R + R3Ω( )
=

28 V
5 Ω + 3 Ω( )

= 3.5 A

120 V

+ -
R1 R2I

100 V

+ -
r = 5.83 Ω

Rs = 478 Ω

I

V

ba

R28.0 V

E 6.00 Ω

3.00 Ω

x

6.00 A

4.00 A
a

I

R = 5 Ω28.0 V

3.00 Ω

I
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6.)
a.) With switch open the circuit is equivalent to:

This reduces to : and finally:

The current from the battery is:

€ 

I =
V36V

Req

=
36 V
4.5 Ω

= 8 A  and this is split equally between the 9 Ω equivalents.

So:

€ 

Va = V36V −V6Ω = V36V − I 6ΩR6Ω = 36 V− 4 A( ) 6 Ω( ) = 12 V

€ 

Vb = V36V −V3Ω = V36V − I 3ΩR3Ω = 36 V− 4 A( ) 3 Ω( ) = 24 V

It follows that:

€ 

Vab = Va −Vb = 12 V− 24 V =  −12 V

b.) Closing the switch the circuit becomes:

The circuit is like the bridge circuit on HO 36 with nothing in parallel or series.

Applying Kirchhoff’s Loop rule on Loop 1:

€ 

36 V = I 2 6 Ω( ) + I 5 3 Ω( )   (1)

Applying Kirchhoff’s Loop rule on Loop 2:

€ 

0 = I 3 3 Ω( ) + I 4 3 Ω( ) − I 2 6 Ω( )   (2)

V = 36.0 V

6.00 Ω

6.00 Ω

3.00 Ω

3.00 Ω

a b

V = 36.0 V

9.00 Ω 9.00 Ω

V = 36.0 V

4.50 ΩI

V = 36.0 V

6.00 Ω

6.00 Ω

3.00 Ω

3.00 Ω

a bI = 4 A

V = 36.0 V

6.00 Ω

6.00 Ω

3.00 Ω

3.00 Ω
3.00 Ω

a b
S

V = 0

V = 0

V = 0
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V = 36.0 V

6.00 Ω

6.00 Ω

3.00 Ω

3.00 Ω
3.00 Ω

a b
S

V = 0

6.00 Ω

6.00 Ω

3.00 Ω

3.00 Ω

3.00 Ω
a b

-V = 36.0 V
+

I1

I2

I4

I3

I5 I6

c
Loop 1 Loop 2

Loop 3



6.) b.)
Applying Kirchhoff’s Loop rule on Loop 3:

€ 

0 = I 4 3 Ω( ) + I 5 3 Ω( ) − I 6 6 Ω( )   (3)

Applying Kirchhoff’s Junction rule on junction c:

€ 

I1 = I 2 + I 3 and 0 = I1 − I 2 − I 3

Applying Kirchhoff’s Junction rule on junction a:

€ 

I 2 + I 4 = I 5 and 0 = I 2 + I 4 − I 5

Applying Kirchhoff’s Junction rule on junction b:

€ 

I 3 = I 4 + I 6 and 0 = I 3 − I 4 − I 6

We have six equations with six unknowns.  Setting up a matrix gives:

€ 

0 6 Ω 0 0 3 Ω 0
0 0 0 3 Ω 3 Ω −6 Ω
0 −6 Ω 3 Ω 3 Ω 0 0
1 −1 −1 0 0 0
0 1 0 1 −1 0
0 0 1 −1 0 −1

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

⋅

I1
I 2

I 3

I 4

I 5

I 6

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

=

36 V
0
0
0
0
0

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

using matrix operations on a calculator: I1 = 8.57 A, I2 = 3.43 A, I3 = 5.14 A, I4 = 1.71 A, I5 = 5.14 A,  and I6 = 3.43 A

The current through the switch is :

€ 

I switch = I 4 =   1.71 A

c.) The equivalent resistance is found using the current (I1) from the battery.  (Nothing is in parallel or series so 
ordinary methods for finding equivalent resistance will not work.)

€ 

V = IR and

€ 

V36V = I1Req so

€ 

Req =
V36V

I1
=

36 V
8.57 A

=  4.20 Ω

(Solution using Mesh Currents)

b.) Closing the switch the circuit becomes:

The circuit is like the bridge circuit on HO 36 with nothing in parallel or series.  Using Loop Method:

Applying Kirchhoff’s Loop rule on Loop 1 (the loop containing I1):

€ 

36 V = I1 9 Ω( ) − I 2 6 Ω( ) − I 3 3 Ω( )   (1)

V = 36.0 V

6.00 Ω

6.00 Ω

3.00 Ω

3.00 Ω
3.00 Ω

a b
S

V = 0

6.00 Ω

6.00 Ω

3.00 Ω

3.00 Ω

3.00 Ωa b
-V = 36.0 V
+

I1

I2

I3
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Applying Kirchhoff’s Loop rule on Loop 2 (the loop containing I2):

€ 

0 = −I1 6 Ω( ) + I 2 12 Ω( ) − I 3 3 Ω( )   (2)

Applying Kirchhoff’s Loop rule on Loop 3 (the loop containing I3):

€ 

0 = −I1 3 Ω( ) − I 2 3 Ω( ) + I 3 12 Ω( )   (3)

We have three equations with three unknowns.  Setting up a matrix gives:

€ 

9 Ω −6 Ω −3 Ω
−6 Ω 12 Ω −3 Ω
−3 Ω −3 Ω 12 Ω

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 

⋅

I1
I 2

I 3

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 

=

36 V
0
0

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 

using matrix operations on a calculator: I1 = 8.57 A, I2 = 5.14 A, and I3 = 3.43 A

The current through the switch is :

€ 

I switch = I 2 − I 3 = 5.14 A − 3.43 A =  1.71 A

7.)

€ 

RC =[ ] Ω ⋅F =[ ] V
A

C
V

 =[ ] C
C
s

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

 =[ ] s

8.)
At time t = 0, Io = 8.6 x 10-4 A, Qo = 0, and RC = 5.7 s = τ.

When switch is closed uncharged capacitor has no resistance and

  

€ 

E = I oR so
  

€ 

R =
E
I o

=
200 V

8.6 x 10-4 A
=  2.33 x 105Ω

€ 

RC = τ so

€ 

C =
τ
R

=
5.7 s

2.33 x 105Ω
= 2.45 x 10-5 F

9.)
Qo = 0

Find the time for the current to decay to i = 0.0185 A.

For charging:
  

€ 

i t( ) = I oe
−

t
RC =

E
R
e
−

t
RC

The time that the current is 0.0185 A is:

  

€ 

t = −RC ln
Ri t( )

E

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = − 7.25 x 103Ω( ) 3.4 x 10-6 F( )ln

7.25 x 103Ω( ) 0.0185 A( )
180 V

⎛ 

⎝ 

⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 

= 7.25 x 10-3s

The charge on the capacitor is:

  

€ 

q t( ) =Qf 1- e
−

t
RC

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = CE 1- e

−
t
RC

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = 3.4 x 10-6 F( ) 180 V( ) 1- e

−
7.25 x 10-3s

7.25 x 103Ω⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 3.4 x 10-6F⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎛ 

⎝ 

⎜ 
⎜ 
⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 
⎟ 
⎟ 

=  1.56 x 10-4 C

RC

E  = 200 V
+

S

R = 7.25 kΩC = 3.40 µF

E  = 180 V
+

S
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9.)
Method 2:

Realizing that the sum of the voltage on the capacitor and resistor must always be 180 V and at the time when
i = 0.0185 A:

€ 

vR = iR = 0.0185 A( ) 7.25 x 103Ω( ) = 134.1 V

  

€ 

E = vR + vC so   

€ 

vC = E − vRvC = 180 V−134.1 V = 45.9 V

The charge is

€ 

qC = CvC = 3.4 x 10-6 F( ) 45.9 V( ) = 1.56 x 10-4 C

10.)
On capacitor Vo = 15 V and after 5.00 s voltmeter reads 5.0 V.

The voltmeter reads the voltage on the capacitor so at t = 5 s, vC = 5.0 V.

While discharging the voltage on the capacitor is:

€ 

v t( ) = Voe
−

t
RC

Solving for C:

€ 

ln 
v t( )
Vo

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = −

t
RC

so

€ 

C =
−t

R ln 
v t( )
Vo

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

=
−5 s

2.25 x 106Ω( ) ln 5 V
15 V
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

=  2.02 x 10-6 F

C

Rs = 2.25 MΩ

V
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1.)

a.) The capacitor is uncharged and 

€ 

vC =
Q
C

=  0

b.) The voltage across the resistor  

€ 

vR = E =  273 V

c.) The charge on the capacitor

€ 

q =Qo =  0

d.) The current through the resistor 
  

€ 

iR =
vR
R

=
E
R

=
273 V

6.03 x 103Ω
=  0.0453 A

e.)

a.) The voltage across the capacitor   

€ 

vC = E =  273 V

b.) The voltage across the resistor 

€ 

vR = iR = 0

c.) The charge on the capacitor 
  

€ 

q =Qf = CE = 6.74 x 10-6 F( ) 273 V( ) =  1.84 x 10-3C

d.) The current through the resistor 

€ 

iR =  0

2.)
C = 7.50 µF, E = 36.0 V

a.)
  

€ 

Qf = CE = 7.5 x 10-6 F( ) 36 V( ) =  2.7 x 10-4 C

b.)

€ 

q t( ) =Qf 1− e
− t
RC

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ so

€ 

ln 1−
q t( )
Qf

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ =

−t
RC

and

€ 

R =
−t

C ln 1−
q t( )
Qf

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ 

=
− 3 x 10-3s( )

7.5 x 10-6 F( ) ln 1−
225 x 10-6C( )
270 x 10-6C( )

⎛ 

⎝ 

⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 

=  223 Ω

c.)

€ 

q t( ) =Qf 1− e
− t
RC

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ so

€ 

ln 1−
q t( )
Qf

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ =

−t
RC

and

€ 

t = −RC ln 1−
q t( )
Qf

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ = − 223 Ω( ) 7.5 x 10-6 F( )ln 1−

0.99Qf

Qf

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ =  7.70 x 10-3s

R = 6.03 kΩC = 6.74 µC

E  = 273 V
+

S

Qo = 0

R = 6.03 kΩC = 6.74 µC

E  = 273 V
+

Qo = 0

Right after the switch is closed.

R = 6.03 kΩC = 6.74 µC

E  = 273 V
+

Qf = CE

_

i = 0

A long time after the switch is closed.

p1
C

R
+

-E
p2
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3.)
C = 40.0 µF, E = 24.0 V, and R = 950 Ω

a.)

  

€ 

q t( ) =Qf 1− e
− t
RC

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = CE 1− e

− t
RC

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = 40 x 10-6 F( ) 24 V( ) 1− e

− 0.05 s( )
950 Ω( ) 40 x 10-6 F⎛ 

⎝ 
⎜ ⎞ 

⎠ 
⎟ 

⎛ 

⎝ 

⎜ 
⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 
⎟ 

=  7.02 x 10-4 C

b.)

€ 

vC =
q
C

=
7.02 x 10-4 C( )
40 x 10-6 F( )

=  17.6 V and   

€ 

E = vR + vC or   

€ 

vR = E − vC = 24 V−17.6 V =  6.4 V

c.)

€ 

vC =
q
C

=
7.02 x 10-4 C( )
40 x 10-6 F( )

=  17.6 V and

€ 

0 = vR + vC or

€ 

vR = −vC = −17.6 V

d.)

€ 

q t( ) =Qoe
− t
RC = 7.02 x 10-4 C( )e

− 0.05 s( )
950 Ω( ) 40 x 10-6 F⎛ 

⎝ 
⎜ ⎞ 

⎠ 
⎟ 

=  1.88 x 10-4 C

4.)

a.) At steady state the capacitor is fully charged and current has decayed to zero.

The current through the 3.0 kΩ resistor 

€ 

i2 = 0

The current through the 15 kΩ and the 12 kΩ resistors is the same since they are in series.

€ 

i1 =
V9V

Req

=
9 V

15,000 Ω +12,000 Ω( )
=  3.33 x 10-4 A

b.) The voltage on the capacitor is the voltage on 15 kΩ resistor.  (No voltage drop on 3 kΩ resistor.)

€ 

vC = vR2 = i1R2 = 3.33 x 10-4 A( ) 15,000 Ω( ) =  5 V

The charge is:

€ 

qC = CvC = 10 x 10-6 F( ) 5 V( ) =  5.0 x 10-5C

c.) When the switch is open the capacitor discharges into the series combination of the 3 kΩ and 15 kΩ resistor.

€ 

i2 = I oe
− t
ReqC =

vC 0( )
Req

e
− t
ReqC =

5 V
15,000 Ω + 3000 Ω( )

e

−t
15,000 Ω+3000 Ω( ) 10 x 10-6F⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

= 2.78 x 10-4 A( )e
−t

0.18 s( )

d.)

€ 

q t( ) =Qoe
− t
ReqC so

€ 

ln
q t( )
Qo

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ =

−t
ReqC

and

€ 

t = −ReqC ln
q t( )
Qo

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = − 18,000 Ω( ) 10 x 10-6 F( )ln 0.2Qo

Qo

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ =  0.29 s

p1
C

R
+

-E
p2

10.0 µF

+

-9.0 V

3.0 kΩ

R2 =  15 kΩ

12 kΩ

S

10.0 µF

+

-9.0 V

3.0 kΩ

R2 =  15 kΩ

12 kΩ

S

i1

i2 = 0

At steady state.
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5.)

The circuit is equivalent to:
(resistors in series capacitors in series.)

a.) time constant is 

€ 

τ = ReqCeq = 6 Ω( ) 2 x 10-6 F( ) =  1.2 x 10-5s

b.) The final charge on the 3 µC capacitor is the same as the final charge on its equivalent.

€ 

Qf = CeqV = 2 x 10-6 F( ) 12 V( ) =  2.4 x 10-5C

The charge at any time is:

€ 

q t( ) =Qf 1− e
− t

ReqCeq
⎛ 

⎝ 

⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 

(both capacitors have same charge at all times)

So the voltage on the 3 µC capacitor at any time is:

€ 

v t( ) =
Qf

C
1− e

− t
ReqCeq

⎛ 

⎝ 

⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 

When t = τ the voltage on the 3 µC capacitor is:

€ 

v τ( ) =
2.4 x 10-5C( )
3 x 10-6 F( )

1− e−1( ) =  5.06 V

6.)

a.) When the capacitor is fully charged, no current passes through it.

€ 

i1 =
V
R

=
10 V

1 Ω + 4 Ω( )
=  2 A and

€ 

i2 =
V
R

=
10 V

8 Ω + 2 Ω( )
=  1 A

€ 

Va = V10V −V1Ω = 10 V− 2 A( ) 1 Ω( ) =  8 V and

€ 

Vb = V10V −V8Ω = 10 V− 1 A( ) 8 Ω( ) =  2 V

The voltage on the capacitor is:

€ 

Va −Vb = 8 V− 2 V =  6 V

b.)

€ 

v t( ) = Voe
− t
ReqC or

€ 

t = −ReqC ln
v t( )
Vo

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = − 3.6 Ω( ) 1 x 10-6 F( )ln 0.1Vo

Vo

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ =  8.29 x 10-6s

a
+

-12.0V

r = 1.00 Ω
5.00 Ω

3.00 µF

6.00 µF
b

S a

+

-12.0V 6.00 Ω

2.00 µF

b

S

1 Ω
+

-
10 V

8 Ω

2 Ω4 Ω 1 µF

1 Ω
+

-
10 V

8 Ω

2 Ω4 Ω

i1 i2

After a long time, capacitor is fully charged.

a b

1 Ω 8 Ω

2 Ω4 Ω

i1

i2

1 µF

9 Ω

6 Ω

1 µF

3.6 Ω

The equivalent circuit
while discharging.
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