
Course Notes: 3.5, Resistor Networks

Outline

Week 5: Circuits

Course Notes: 3.5

Goals: Use linear algebra to determine voltage drops and branch
currents.
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Kirchhoff’s Laws

1. The sum of voltage drops around any closed loops in the
network must be zero.
2. For any node, current in equals current out

0V 10V
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Equations from previous slide:

i1 loop: −10 + i1 + 25(i1 − i2) + 50(i1 − i3) = 0

i2 loop: 25(i2 − i1) + 30i2 + (i2 − i3) = 0

i3 loop: 50(i3 − i1) + (i3 − i2) + 55i3 = 0

76i1 − 25i2 − 50i3 = 10

−25i1 + 56i2 − i3 = 0

−50i1 − i2 + 106i3 = 0
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Equations from Previous Slide:

i1 loop: −10 + 2(i1 − i4) + (i1 − i2) = 0

i2 loop: 2i2 + (i2 − i1) + 4(i2 − i3) = 0

i3 loop: −10 + 4(i3 − i2) + 3(i3 − i4) = 0

i4 loop: 5i4 + 3(i4 − i3) + 2(i4 − i1) = 0

3i1 − i2 + 0i3 − 2i4 = 10
−i1 + 7i2 − 4i3 + 0i4 = 0
0i1 − 4i2 + 7i3 − 3i4 = 10
−2i1 + 0i2 − 3i3 + 10i4 = 0
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5Ω
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←
V = IR = 2 × 5 = 10
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+

−

→
V = IR = 2 × 10 = 20

+ −

0V20V

60V 70V

We can imagine replacing the current source with a 70V voltage
source, which overpowers the 40V source.
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Equations from previous slide:

Current Source: 5 = i3 − i2

i1 Loop: −10 + 3(i1 − i3) + 2(i1 − i2) = 0

i2 Loop: 2(i2 − i1) + E = 0

i3 Loop: −E + 3(i3 − i1) + i3 = 0

0i1 − i2 + i3 + 0E = 5
5i1 − 2i2 − 3i3 + 0E = 10
−2i1 + 2i2 + 0i3 + E = 0
−3i1 + 0i2 + 4i3 − E = 0
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i1 ≈ −8.8571, i2 ≈ 4.1429, i3 ≈ −3.8571,
E1 ≈ 52.5714, E2 ≈ 42.5714
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Equations from previous slide:

5A Current Source: i3 − i1 = 5

8A Current Source: i2 − i3 = 8

i1 Loop: 3i1 + 2(ii − i2) + E1 = 0

i2 Loop: 2(i2 − i1) + 4i2 − E2 = 0

i3 Loop: −E1 + E2 + 10 = 0

−i1 + 0i2 + i3 + 0E1 + 0E2 = 5
0i1 + i2 − i3 + 0E1 + 0E2 = 8
5i1 − 2i2 + 0i3 + E1 + 0E2 = 0
−2i1 + 6i2 + 0i3 + 0E1 − E2 = 0
0i1 + 0i2 + 0i3 − E1 + E2 = −10
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Current across voltage source: 13A, top to bottom



Course Notes: 3.5, Resistor Networks

20V

4Ω

2Ω

4Ω

10A 5A

i1 i2 i3
+

−

+

−

E1 E2

i1 = −13A, i2 = −3A, i3 = 2A, E1 = −20V , E2 = 4V

Current across voltage source: 13A, top to bottom



Course Notes: 3.5, Resistor Networks

20V

4Ω

2Ω

4Ω

10A 5A

i1 i2 i3
+

−

+

−

E1 E2

i1 = −13A, i2 = −3A, i3 = 2A, E1 = −20V , E2 = 4V

Current across voltage source: 13A, top to bottom



Course Notes: 3.5, Resistor Networks

Equations from previous slide:

10A Current Source: i2 − i1 = 10

5A Current Source: i3 − i2 = 5

i1 Loop: 20 + E1 = 0

i2 Loop: 4i2 + E2 + 4i2 − E1 = 0

i3 Loop: 2i3 − E2 = 0

−i1 + i2 + 0i3 + 0E1 + 0E2 = 10
0i1 − i2 + i3 + 0E1 + 0E2 = 5
0i1 + 0i2 + 0i3 + E1 + 0E2 = −20
0i1 + 8i2 + 0i3 − E1 + E2 = 0
0i1 + 0i2 + 2i3 + 0E1 − E2 = 0
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15A

i5
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10Ω

clockwise: i1 = −7.5, i2 = −1/12, i3 = 0, i4 = 1/12, i5 = 7.5
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3Ω

2Ω4Ω

5A

5A5Ω

6Ω

What resistance should the top resistor have, if you want each wire
touching the centre to have current 5A?
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What voltage should the voltage source have, in order for there to
be no current across it?
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10A

Ra

R
2

R 4

Rb

R
3

R 1

What voltage should the voltage source have, in order for there to
be no current across it?


