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Last Lecture → Ohm’s Law

States that the voltage across a resistance is directly 
proportional to the current flowing through it.

𝑹 =
𝒗 𝒕

𝒊 𝒕

𝒑 𝒕 = 𝒗 𝒕 ∙ 𝒊 𝒕 = 𝑹 ∙ 𝒊 𝒕 𝟐 =
𝒗 𝒕 𝟐

𝑹
𝒗 𝒕 = 𝑹 ∙ 𝒊 𝒕

𝑮 =
𝟏

𝑹
=
𝒊 𝒕

𝒗 𝒕

=
𝒊 𝒕 𝟐

𝑮
= 𝑮 ∙ 𝒗 𝒕 𝟐

• Resistance [Ω = V/A]

• Conductance [S = A/V]

• Power Dissipation [W]

Symbol
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Last Lecture → Kirchhoff’s Laws

KCL- the algebraic sum of the all the currents entering any node is zero

 

𝒉=𝟏

𝑲

𝒊𝒉
𝒊𝒏(𝒕) = 𝟎  

𝒋=𝟏

𝑵

𝒊𝒋
𝒊𝒏(𝒕) = 

𝒊=𝟏

𝑴

𝒊𝒊
𝒐𝒖𝒕(𝒕)

KVL- the algebraic sum of the voltages around any loop is zero

 

𝒉=𝟏

𝑲

𝒗𝒉 (𝒕) = 𝟎  

𝒋=𝟏

𝑵

𝒗𝒋
↑(𝒕) = 

𝒊=𝟏

𝑴

𝒗𝒊
↓(𝒕)
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Learning Assessment E2.9

… find the voltage Vbd. 
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Single Loop Circuits → Voltage Division

• KVL:  𝒗 𝒕 = 𝒗𝑹𝟏+ 𝒗𝑹𝟐
• Ohm’s: 𝒗𝑹𝟏 = 𝑹𝟏 ∙ 𝒊 𝒕

𝒗𝑹𝟐 = 𝑹𝟐 ∙ 𝒊 𝒕
∴ 𝐢 𝒕 =

𝒗 𝒕

𝑹𝟏 + 𝑹𝟐

∴ 𝒗𝑹𝟏 =
𝑹𝟏
𝑹𝟏 + 𝑹𝟐

∙ 𝒗 𝒕

𝒗𝑹𝟐 =
𝑹𝟐
𝑹𝟏 + 𝑹𝟐

∙ 𝒗 𝒕

The source voltage v(t) is divided between the resistors 
R1 and R2 in direct proportion to their resistances.

* IR1 = IR2 = i(t)
∴ R1 and R2 are in series

𝒗𝑹𝟏 =? 𝒗𝑹𝟐 =?
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Example 2.13

Assuming Vs=9V, R1=90kΩ, and R2=30kΩ, examine the change in both the
voltage across R2 and the power absorbed in the resistor as R1 is changed
from 90kΩ to 15kΩ.
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Single Loop Circuits → Multiple Source/Resistor Networks

• KVL:  𝒗𝟏 𝒕 − 𝒗𝑹𝟏 − 𝒗𝟐 𝒕 + 𝒗𝟑 𝒕 − 𝒗𝑹𝟐 − 𝒗𝟒 𝒕 − 𝒗𝟓 𝒕 = 𝟎

𝒗𝟏 𝒕 − 𝒗𝟐 𝒕 + 𝒗𝟑 𝒕 − 𝒗𝟒 𝒕 − 𝒗𝟓 𝒕 = 𝒗𝑹𝟏 + 𝒗𝑹𝟐

𝒗𝟏 𝒕 − 𝒗𝟐 𝒕 + 𝒗𝟑 𝒕 − 𝒗𝟒 𝒕 − 𝒗𝟓 𝒕 = 𝒊 𝒕 ∙ 𝑹𝟏 + 𝑹𝟐

𝒗 𝒕 𝑹𝒔

Equivalent Circuit
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Single Loop Circuits → Multiple Source/Resistor Networks

∴ The sum of several voltage source in series can be replaced by one source whose
value is the algebraic sum of the individual source

∴ The equivalent resistance of N resistors in series is simply the sum of the
individual resistances.

𝑹𝑺 = 𝑹𝟏 + 𝑹𝟐 +⋯+ 𝑹𝑵

Equivalent Circuit
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Learning Assessment E2.11

In the network provided, if Vad is 3V, find Vs.
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Current Division 

• KCL:  𝒊 𝒕 = 𝒊𝟏 𝒕 +𝒊𝟐 𝒕

• Ohm’s: 𝒊𝟏 𝒕 =
𝒗(𝒕)

𝑹𝟏

𝒊𝟐 𝒕 =
𝒗(𝒕)

𝑹𝟐

∴ 𝒗 𝒕 =

𝒊 𝒕 ∙
𝟏

𝟏
𝑹𝟏
+
𝟏
𝑹𝟐

∴ 𝒊𝟏 𝒕 =
𝑹𝟐
𝑹𝟏 + 𝑹𝟐

∙ 𝒊 𝒕

* VR1=VR2=v(t)
∴ R1 and R2 are in parallel 𝒊𝟐 𝒕 =

𝑹𝟏
𝑹𝟏 + 𝑹𝟐

∙ 𝒊 𝒕

𝒊𝟏 =? 𝒊𝟐 =?
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Single Loop Circuits → Multiple Source/Resistor Networks

• KCL:  𝒊𝟏 𝒕 − 𝒊𝟐 𝒕 − 𝒊𝟑 𝒕 + 𝒊𝟒 𝒕 − 𝒊𝟓 𝒕 − 𝒊𝟔 𝒕 = 𝟎

𝒊𝟎 𝒕 𝟏/𝑹𝒑

𝒊𝟏 𝒕 − 𝒊𝟑 𝒕 + 𝒊𝟒 𝒕 − 𝒊𝟔 𝒕 = 𝒊𝟐 𝒕 + 𝒊𝟓 𝒕

𝒊𝟏 𝒕 − 𝒊𝟑 𝒕 + 𝒊𝟒 𝒕 − 𝒊𝟔 𝒕 = 𝒗 𝒕 ∙
𝟏

𝑹𝟏
+
𝟏

𝑹𝟐

Equivalent Circuit
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Single Loop Circuits → Multiple Source/Resistor Networks

Equivalent Circuit

∴ The sum of several current sources in parallel can be replaced by one source
whose value is the algebraic sum of the individual source

∴ The reciprocal of the equivalent resistance of N resistors in parallel is equal to the
sum of the reciprocal of the individual resistances.

𝟏

𝑹𝒑
= 

𝟏

𝑹𝟏
+
𝟏

𝑹𝟐
+⋯+

𝟏

𝑹𝑵 𝑹𝒑 =
𝑹𝟏 ∙ 𝑹𝟐
𝑹𝟏 + 𝑹𝟐

For 2 resistances in parallel Rp can be 
expressed as…
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Example 2.17

For the given network find I1, I2, and V0.
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Series/Parallel Resistor Combinations

• Series: 𝑹𝑺 = 𝑹𝟏 + 𝑹𝟐 +⋯+ 𝑹𝑵

• Parallel:  
𝟏

𝑹𝑷
=
𝟏

𝑹𝟏
+
𝟏

𝑹𝟐
+⋯+

𝟏

𝑹𝑵

E2.16: Find RAB in the provided network.
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Learning Assessment E2.22

Find V0, V1, and V2 in the network provided.


