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1.1 Capacitors and Inductors 

 

 

 capacitors Inductors 

 
 

 

 𝒗(𝒕)  𝒗 = 𝑳
𝒅𝒊

𝒅𝒕
 

 

𝒊(𝒕) 𝒊 = 𝑪
𝒅𝒗

𝒅𝒕
  

𝝎 𝝎 =
𝟏

𝟐
𝑪𝒗𝟐 𝝎 =

𝟏

𝟐
𝑳𝒊𝟐 

 

 

Series 

𝟏

𝑪𝒆𝒒
 =

𝟏

𝑪𝟏
+

𝟏

𝑪𝟐
+

𝟏

𝑪𝟑
+ ⋯ +

𝟏

𝑪𝑵
 

𝑪𝒆𝒒 =
𝑪𝟏𝑪𝟐

𝑪𝟏 + 𝑪𝟐
 

 

 

𝑳𝒆𝒒 = 𝑳𝟏 + 𝑳𝟐 + 𝑳𝟑 + ⋯ + 𝑳𝑵 

𝑳𝒆𝒒 = 𝑳𝟏 + 𝑳𝟐 

 

Parallel 

 

𝑪𝒆𝒒 = 𝑪𝟏 + 𝑪𝟐 + 𝑪𝟑 + ⋯ + 𝑪𝑵 

𝑪𝒆𝒒 = 𝑪𝟏 + 𝑪𝟐 

𝟏

𝑳𝒆𝒒
 =

𝟏

𝑳𝟏
+

𝟏

𝑳𝟐
+

𝟏

𝑳𝟑
+ ⋯ +

𝟏

𝑳𝑵
 

𝑳𝒆𝒒 =
𝑳𝟏𝑳𝟐

𝑳𝟏 + 𝑳𝟐
 

 

at DC 
• open circuit 

• The voltage on a capacitor 

cannot change abruptly 

• short circuit 

• The current through an inductor cannot 

change instantaneously 
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1.1 Introduction 

 

A first-order circuit is characterized by a first-order differential equation.  

 

  

circuits

first Order circuit

(Chapter 7)

Source free

بدون مصدر جهد

Source free

RC Circuit

Source free

RL Circuit

Step Response

بمصدر جهد

Step Response

RC Circuit

Step Response

RL Circuit

second Order circuit

(Chapter 8)
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Chapter summary 

 

First order circuits 

Source-Free مصدر جهد بدون  Step Response بمصدر جهد 

RC circuit RL circuit RC circuit RL circuit 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝜏 =
𝐿

𝑅
 

 

 

 𝑹𝑪 𝒄𝒊𝒓𝒄𝒖𝒊𝒕خطوات حل مسألة ال 

𝒕عند  ▪ < 𝟎  

 𝒗(𝟎)اوجد قيمة  •
 capacitor → openاجعل ال  -

circuit 

𝒕عند  ▪ > 𝟎 

  𝑹𝒆𝒒اوجد قيمة  •

 → voltage sourceاجعل أي  -

short circuit  

 → current sourceاجعل أي   -

open circuit 

𝝉احسب قيمة ال  • = 𝑹𝒆𝒒𝑪 

𝒗(𝒕)احسب ال  • = 𝑽𝟎𝒆−
𝒕

𝝉 

 

 𝑹𝑳 𝒄𝒊𝒓𝒄𝒖𝒊𝒕خطوات حل مسألة ال 

𝑡عند  ▪ < 0  

 𝑖(0)اوجد قيمة  •
 inductor  → shortاجعل ال  -

circuit 

𝑡عند  ▪ > 0 

  𝑅𝑒𝑞اوجد قيمة  •

 → voltage sourceاجعل أي  -

short circuit  

 → current sourceاجعل أي   -

open circuit 

𝜏احسب قيمة ال  • =
𝐿

𝑅𝑒𝑞
 

𝑖(𝑡)احسب ال  • = 𝑖0𝑒−
𝑡

𝜏 

 

 

خطوات حل مسألة ال 

 𝒔𝒕𝒆𝒑 𝒓𝒆𝒔𝒑𝒐𝒏𝒔𝒆 𝑹𝑪 𝒄𝒊𝒓𝒄𝒖𝒊𝒕 

𝑡عند  ▪ < 0  

 𝑣(0)اوجد قيمة  •
 capacitor → openاجعل ال   -

circuit 

𝑡عند  ▪ > 0 

 (∞)𝑣اوجد قيمة  •
 capacitor → openاجعل ال  -

circuit 

 

  𝑅𝑒𝑞اوجد قيمة  •

 → voltage sourceاجعل أي  -

short circuit  

 → current sourceاجعل أي   -

open circuit 

𝜏احسب قيمة ال  • = 𝑅𝑒𝑞𝐶 

 احسب ال •

𝑣(𝑡) = 𝑣(∞) + [𝑣(0) − 𝑣(∞)]𝑒−
𝑡
𝜏 

 

 

خطوات حل مسألة ال 

 𝒔𝒕𝒆𝒑 𝒓𝒆𝒔𝒑𝒐𝒏𝒔𝒆 𝑹𝑳 𝒄𝒊𝒓𝒄𝒖𝒊𝒕 

𝑡عند  ▪ < 0  

 𝑖(0)اوجد قيمة  •
 inductor → short circuitاجعل ال   -

𝑡عند  ▪ > 0 

 (∞)𝑖اوجد قيمة  •
 inductor → short circuitاجعل ال  -

 

  𝑅𝑒𝑞اوجد قيمة  •

 voltage source → shortاجعل أي  -

circuit  

 current source → openاجعل أي   -

circuit 

𝜏احسب قيمة ال  • =
𝐿

𝑅𝑒𝑞
 

 احسب ال •

 𝑖(𝑡) = 𝑖(∞) + [𝑖(0) − 𝑖(∞)]𝑒−
𝑡

𝜏 

 

 

 

  

   𝜏 = 𝑅𝐶 
 𝜏 =

𝐿

𝑅
 

 

𝜏 = 𝑅𝐶 
 

 

𝑣(𝑡) = 𝑉0𝑒−
𝑡
𝜏  
 𝑖(𝑡) = 𝐼0𝑒−

𝑡
𝜏  
 

𝑣(𝑡) = 𝑣(∞) + [𝑣(0)

− 𝑣(∞)]𝑒−
𝑡
𝜏 

 

𝑖(𝑡) = 𝑖(∞) + [𝑖(0) − 𝑖(∞)]𝑒−
𝑡
𝜏 
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Singularity Functions 

 

Singularity functions are functions that either are discontinuous or have discontinuous derivatives.  

 

  

unit step function 𝑢(𝑡) The unit step function u(t) is 0 for negative values of t and 1 for positive values of t. 

 

𝑢(𝑡) = {
0,       𝑡 < 0
1,       𝑡 > 0

 

 
 

𝑢(𝑡 − 𝑡𝑜) = {
0,       𝑡 < 𝑡𝑜

1,       𝑡 > 𝑡𝑜
 

 

𝑢(𝑡 + 𝑡𝑜) = {
0,       𝑡 < −𝑡𝑜

1,       𝑡 > −𝑡𝑜
 

 

 
 

unit impulse function he unit impulse function (t) is zero everywhere except at 𝑡𝑜, where it is undefined. 

𝛿(𝑡) = {
0,                         𝑡 < 0
𝑈𝑛𝑑𝑒𝑓𝑖𝑛𝑒𝑑,     𝑡 = 0
0,                        𝑡 > 0

 

 
 

 

 

unit ramp function  

The unit ramp function is zero for negative values of 𝑡 and has a unit slope for positive values of 𝑡. 

 

𝑟(𝑡) = {
0,       𝑡 ≤ 0
1,       𝑡 ≥ 0

 

 

 

 

𝑟(𝑡) = {
0,       𝑡 ≤ 𝑡𝑜

1,       𝑡 ≥ 𝑡𝑜
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